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Abstract 
This study aimed to investigate the predictive effect of static lung compliance (SLC) and airway resistance (AR) in patients undergoing 
minimally invasive cardiac surgery (MICS) with unilateral pulmonary edema (UPE). A total of 245 patients who underwent MICS 
via cardiopulmonary bypass and minimal right lateral thoracic incision port access were enrolled, with immediate postoperative 
SLC and AR data collected upon intensive care unit (ICU) admission. Cutoff values for grouping patients into high (H-) and low 
(L-) compliance/resistance categories were determined using receiver-operating characteristic curves and Youden indexes. The 
primary outcome was the incidence of radiographically and clinically defined UPE within the first 24 hours postoperatively, while 
the secondary outcomes included duration of mechanical ventilation, length of ICU stay, total hospitalization days, in-hospital 
mortality, and the highest sequential organ failure assessment (SOFA) and acute physiology and chronic health evaluation II 
(APACHE-II) scores within the first 24 hours post-surgery. Results showed that patients in the L-compliance group (SLC < 40 mL/
cmH2O) had longer durations of mechanical ventilation, length of ICU stay, and total hospitalization days, along with higher 
SOFA and APACHE-II scores compared to those in the H-compliance group (SLC ≥ 40 mL/cmH2O) (P < .05), although there was 
no significant difference in in-hospital mortality. Conversely, patients in the H-resistance group (AR ≥ 11 cm H2O/[L·s]) exhibited 
longer durations of mechanical ventilation, length of ICU stay, and total hospitalization days, as well as significantly higher SOFA, 
APACHE-II scores, but lower in-hospital mortality rates than those in the L-resistance group (AR < 11 cm H2O/[L·s]) (P < .05). 
In summary, immediate postoperative SLC < 40 mL/cm H2O and AR > 11 cm H2O/(L·s) are potentially valuable indicators for 
predicting postoperative UPE in patients undergoing MICS.

Abbreviations: ACCT = aortic cross-clamp time, APACHE-II = acute physiology and chronic health evaluation II, AR = 
airway resistance, ARDS = acute respiratory distress syndrome, AUC = area under the curve, BMI = body mass index, CPB = 
cardiopulmonary bypass, ICU = intensive care unit, IQR = interquartile range, MICS = minimally invasive cardiac surgery, NYHA = 
New York Heart Association, OR = odds ratio, PEEP = positive end-expiratory pressure, ROC = receiver-operating characteristic, 
SD = standard deviation, SLC = static lung compliance, SOFA = sequential organ failure assessment, UPE = unilateral pulmonary 
edema.
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1. Introduction
In recent years, advancements in cardiac surgery and extra-
corporeal circulation technology have led to the rapid 
development of minimally invasive cardiac surgery (MICS), 

particularly total thoracoscopic cardiac surgery with car-
diopulmonary bypass (CPB).[1] Compared to conventional 
open thoracotomies, video-assisted thoracic surgery offers 
minimal invasiveness, improved recovery, reduced hospital 
stays, and better aesthetic outcomes.[2] Thus, the acceptance 
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and prevalence of minimally invasive surgeries are growing. 
Unilateral pulmonary edema (UPE) is 1 of the most serious 
pulmonary complications of MICS, with variable clinical 
impact and severity, often resulting in significant periopera-
tive mortality. Reports indicate that 0.6% to 25% of patients 
experience this complication.[3–6] Current understanding 
suggests that the pathogenesis of this complication is influ-
enced by increased lung capillary permeability and elevated 
pulmonary capillary pressure.[7–9] When lung capillary per-
meability increases, fluid from pulmonary edema enters the 
alveoli, resulting in hypoxemia and decreased lung compli-
ance. Therefore, patients with perioperative respiratory fail-
ure depend on mechanical ventilation for survival. Given 
the importance of lung-protective ventilation, respiratory 
mechanics is an essential aspect for the clinical management 
of patients with UPE following MICS. In addition to quanti-
fying the mechanical parameters of the respiratory system, it 
can also facilitate the assessment of disease progression and 
the modification of ventilation strategies from an alternative 
perspective.

Previous studies suggest that basic indicators, such as airway 
driving pressure, are strong independent predictors of mortal-
ity in acute respiratory distress syndrome (ARDS).[10] Another 
study revealed that static lung compliance (SLC) may be an 
early predictor of intact neurologic survival in ARDS patients 
after cardiac arrest.[11] However, few studies have been con-
ducted on the role of respiratory mechanics parameters as an 
aid to mechanical ventilation in the presence of UPE following 
MICS. The objective of this study was to identify the optimal 
cutoff values for SLC and airway resistance (AR) in predicting 
the diagnosis of UPE and to assess their efficacy in predicting the 
outcomes of MICS patients.

2. Methods

2.1. General data

The study enrolled patients who underwent MICS with CPB 
and port access through a minimal right lateral thoracic inci-
sion from March 1, 2020, to March 1, 2023. In this study, we 
extracted the electronic medical records with the operation title 
code of MICS in the operative records. All data were obtained 
from the electronic medical record system and the data were 
accessed from January 1, 2024, to January 31, 2024. The inclu-
sion criteria were as follows: patients who underwent total 
thoracoscopic cardiac surgery with CPB and 1-lung ventilation 
technique; male or female, aged 18 to 80 years; body mass index 
of 18 to 25 kg/m2; all patients were transferred to the cardiac 
intensive care unit (ICU) and received invasive mechanical ven-
tilation postoperatively, immediate postoperative SLC and AR 
data could be obtained after ICU admission. Exclusion criteria 
were post-surgery hemorrhagic shock, cardiac rupture, and car-
diac tamponade; perioperative use of intra-aortic balloon pump 
and extracorporeal membrane oxygenation; severe pulmonary 
dysfunction; inability to receive adequate sedative and analgesic 
treatment. This study protocol adhered to the principles out-
lined in the Declaration of Helsinki (2013 revision). This ret-
rospective observational study was reviewed and approved by 
the ethics committee of Fujian Provincial Hospital (permit no. 
K2024-01-008).

2.2. Respiratory mechanics measurements

According to the gas equation of motion,[12] respiratory work 
primarily overcomes the sum of work performed by AR, elas-
tic resistance, and positive end-expiratory pressure (PEEP) in 
mechanically ventilated patients, as follows:

Prs = Pao + Pmus = Flow× R+ V/C+ K

Where Prs is the total respiratory system pressure, Pao is the 
airway opening pressure, Pmus is the pressure generated by the 
patient’s respiratory muscles, Flow is the inspiratory flow rate, 
and R is the inspiratory resistance. This product represents the 
pressure required to overcome frictional forces generated by 
flow through the endotracheal tube and airways (also called 
resistive pressure). V is the lung volume above functional resid-
ual capacity, C is the static compliance of the respiratory sys-
tem, and V/C is the pressure necessary to overcome respiratory 
elasticity. K represents the basal pressure, which is the sum of 
extrinsic and intrinsic PEEP.

Immediately following MICS, all patients were transferred to 
the ICU. Patients who had not resumed spontaneous breath-
ing (Pmus = 0) due to anesthesia were subjected to passive ven-
tilation. In the volume-controlled ventilation with square wave 
mode, the SLC and AR were obtained by the occlusion method 
by using the inspiratory and expiratory hold functions of the 
ventilator (Puritan-Bennett 840; Covidien, Boulder) (Flow = 0), 
as follows:

C = V/(Pplat − K)

R = (Ppeak − Pplat)/Flow

Where Ppeak is peak airway pressure, Pplat is end-inspiratory 
plateau pressure. The respiratory mechanics data was averaged 
across 3 measurements.

Based on the principles above, we performed Puritan-
Bennett PB840 ventilators equipped with respiratory mechan-
ics function to obtain immediate postoperative SLC and AR 
data after ICU admission. All patients were ventilated using 
Puritan-Bennett PB840 ventilators (Covidien, Boulder) in vol-
ume control mode (a tidal volume of 8 mL/kg of ideal body 
weight, 0.4 of FiO2, respiratory rate of 12 breaths/minute, 
inspiratory-to-expiratory ratio of 1:2, inspiratory time of 
1.0 seconds, PEEP of 5 cmH2O, flow velocity waveform of a 
square wave, inspiratory breath-hold of 3–4 seconds) immedi-
ately after surgery. The SLC and AR displayed by the ventilator 
were recorded. The respiratory mechanics data were averaged 
across 3 measurements. Additionally, all ventilator parameters 
were recorded in the electronic medical record by experienced 
ICU nurses. Following the measurement, the ventilator param-
eters were modified in accordance with the patient’s clinical 
status.

2.3. Observed indicators

The primary outcome was the occurrence of radiographically 
and clinically defined UPE within the first 24 hours post- 
surgery. All enrolled patients had a chest x-ray taken at the bed-
side. A newly developed UPE refers to evident imaging findings 
(over 20% opacification of the right hemithorax, Fig. 1A) and 
abundant transparent yellowish airway secretions (Fig. 1B).[5,13] 
The secondary outcomes included several critical measures: the 
duration of mechanical ventilation, length of ICU stay, total 
hospitalization days, and in-hospital mortality. Additionally, the 
highest sequential organ failure assessment (SOFA) score and 
the highest acute physiology and chronic health evaluation II 
(APACHE-II) score within the first 24 hours post-surgery were 
also evaluated.[14,15]

2.4. Statistical analysis

The statistical analysis of this study was conducted with IBM 
SPSS Statistics version 25.0 (Chicago) and GraphPad Prism 
v.9.0 software (GraphPad Inc., La Jolla). The threshold for sta-
tistical significance was set at P < .05 for all analyses, which 
were 2-tailed. For data with a normal distribution, measure-
ment variables were shown as the mean ± standard deviation. 
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In contrast, the measurement variables with non-normal dis-
tribution were represented by the median (P50) and interquar-
tile range (IQR) (25%–75%). Normally distributed data were 
analyzed using the T-test, while non-normally distributed data 
were evaluated using the rank-sum test (Mann–Whitney U test 
or Kruskal–Wallis H rank-sum test). Additionally, categorical 
variables were expressed as frequency (n) and percentage (%) 
and compared using the χ2 or Fisher exact test. The sensitivity, 
specificity, and cutoff values for SLC and AR were determined 
in accordance with the receiver-operating characteristic (ROC) 
curve and Youden Index calculation. According to the cutoff 

values, patients were divided into 2 groups. For linear regression 
model or logistics regression model, b (regression coefficient), 
odds ratio (OR), the 95% confidence interval (95%CI), and P 
values were reported.

3. Results

3.1. Clinical characteristics

In this study, 272 patients admitted to the ICU after MICS 
were enrolled retrospectively. Figure 2 shows the data selection 

Figure 1.  (A) Bedside chest radiograph showed significant lung consolidation on the right side corresponding to the surgical approach, but the left side was 
relatively normal. (B) Postoperative bronchoscopy showed a large amount of yellowish airway secretions from the right bronchus, which was removed by neg-
ative pressure suction.

Figure 2.  The data selection procedures and standards.
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procedures and standards, while Table 1 presents the basic clin-
ical characteristics of the populations.

For SLC, the ROC curve indicated a cutoff value of 40 mL/
cmH2O, with a specificity of 97.7% and a sensitivity of 90.3%, 
while the critical value of AR was 11 cm H2O/(L·s), with a spec-
ificity of 86% and a sensitivity of 96.8%. With postoperative 
UPE, the area under the curve for SLC and AR was 0.98 (P < .05, 
Fig. 3) and 0.97 (P < .05, Fig. 4), respectively. According to the 
cutoff value, the patients were divided into 2 groups: the high 
SLC group (H-compliance group, SLC ≥ 40 mL/cmH2O, n = 212) 
and the low SLC group (L-compliance group, SLC < 40 mL/
cmH2O, n = 33). Similarly, patients were divided into the high 
AR group (H-resistance group, AR ≥ 11 cmH2O/(L·s), n = 60) 
and the low AR group (L-resistance group, AR < 11 cmH2O/
(L·s), n = 185).

3.2. Correlation between SLC and postoperative outcomes

General comparative data for all patients included in the study 
are reported in Table 2 and further explored in Tables 3 and 4. 
In comparing SLC groups, the duration of mechanical venti-
lation, length of ICU stay, and total hospitalization days were 
statistically significant. In a multivariate linear regression model 
and another multivariate logistic regression model adjusting for 
atrial fibrillation, cardiac function, operative time, CPB time, 
ACCT, the duration of mechanical ventilation (b = 3.919, 95% 
CI = 3.256–4.581, P < .001), length of ICU stay (b = 4.281, 
95% CI = 3.561–5.002, P < .001), and total hospitalization days 
(b = 8.121, 95% CI = 4.470–11.771, P < .001) were all extended 
in the L-compliance group than in the H-compliance group. 
Additionally, the SOFA (b = 2.983, 95% CI = 2.229–3.737, 

P < .001) and APACHE-II scores (b = 6.563, 95% CI = 4.940–
8.816, P < .001) were higher in the L-compliance group than 
in the H-compliance group. However, there were no significant 
associations between the 2 groups regarding the incidence of 
in-hospital mortality (OR = 0.155, 95% CI = 0.022–1.081, 
P = .06).

3.3. Correlation between AR and postoperative outcomes

The primary general data are summarized in Table 5 and deeply 
analyzed in Tables 6 and 7. Based on the AR, statistical differ-
ences existed between groups. Adjusting for age, atrial fibrilla-
tion, operative time, CPB time, ACCT, the regression equation 
showed that the H-resistance group had longer duration of 
mechanical ventilation (b = 2.404, 95% CI = 1.787–3.021, 
P < .001), length of ICU stay (b = 2.629, 95% CI = 1.960–
3.299, P < .001), and total hospitalization days (b = 6.958, 95% 
CI = 3.944–9.972, P < .001) compared to the L-resistance group. 
In addition, the H-resistance group demonstrated an increase in 
the SOFA score (b = 2.038, 95% CI = 1.390–2.686, P < .001), 
APACHE-II score (b = 3.445, 95% CI = 2.113–4.777, P < .001), 
but showed a decrease in in-hospital mortality (OR = 0.059, 
95% CI = 0.005–0.626, P = .019) compared to the L-resistance 
group.

4. Discussion
This retrospective study demonstrated that immediate postop-
erative SLC decreased to 40 mL/cmH2O, while AR increased to 

Table 1

Comparison of baseline clinical characteristics between UPE and non-UPE patients.

Characteristics Overall (n = 245) UPE (n = 31) Non-UPE (n = 214) P

Age, median (IQR) 52.0 (42.5, 59.0) 56.0 (48.0, 61.0) 51.0 (41.0, 59.0) .057
Females gender, n (%) 133.0 (54.3) 16.0 (51.6) 117.0 (54.7) .749
BMI, median (IQR) (kg/m2) 22.1 (21.2, 22.9) 22.4 (20.6, 23.8) 22.0 (21.2, 22.9) .173
Smoking history, n (%) 40.0 (16.3) 8.0 (25.8) 32.0 (15.0) .127
Hypertension, n (%) 46.0 (18.8) 7.0 (22.6) 39.0 (18.2) .562
Diabetes, n (%) 13.0 (5.3) 3.0 (9.7) 10.0 (4.7) .463
Atrial fibrillation, n (%) 42.0 (17.1) 13.0 (41.9) 29.0 (13.6) <.001
NYHA functional class, n (%)
 � I to II 107.0 (43.7) 7.0 (22.6) 100.0 (46.7) .011
 � III to IV 138.0 (56.3) 24.0 (77.4) 114.0 (53.3)
Operative time, median (IQR) (min) 301.0 (250.0, 370.0) 390.0 (320.0, 440.0) 290.0 (240.0, 360.0) <.001
CPB time, median (IQR) (min) 163.0 (111.0, 214.0) 232.0 (203.0, 295.0) 150.5 (102.8, 203.0) <.001
ACCT, median (IQR) (min) 103.0 (55.5, 141.0) 144.0 (127.0, 178.0) 95.0 (52.8, 135.5) <.001

ACCT = aortic cross-clamp time, BMI = body mass index, CPB = cardiopulmonary bypass, IQR = interquartile range, NYHA = New York Heart Association, UPE = unilateral pulmonary edema.

Figure 3.  The ROC curve for SLC to predict postoperative UPE. ROC = 
receiver-operating characteristic, SLC = static lung compliance, UPE = uni-
lateral pulmonary edema.

Figure 4.  The ROC curve for AR to predict postoperative UPE. AR = airway 
resistance, ROC = receiver-operating characteristic, UPE = unilateral pulmo-
nary edema.



5

Fan et al.  •  Medicine (2025) 104:7� www.md-journal.com

11 cmH2O/(L·s) after ICU admission, indicating an increased 
risk of UPE. Exceeding the warning values for SLC and AR was 
associated with increased mechanical ventilation duration, pro-
longed ICU stay and total hospitalization days, as well as higher 
SOFA and APACHE-II scores. Moreover, in-hospital mortal-
ity was increased in the low AR group but not in the low SLC 
group.

Consistently, port-accessed cardiac surgery using a thoraco-
scope has assumed a central role in MICS with CPB and 1-lung 
ventilation technique. Since the advent of MICS, UPE has been 
regarded as a unique complication for many years, with varying 
incidences.[3–6] However, the etiology and pathogenesis of UPE 
are not yet completely understood. It is generally believed that 
increased lung capillary permeability and elevated pulmonary 
capillary pressure contribute to the pathogenesis of this disease 
as a result of lung ischemic-reperfusion injury, impaired lung 
mechanical barrier, extracorporeal circulation, and inflamma-
tory responses.[4,7–9,16–18] These variables may interact or exert 
differing degrees of influence on SLC. Based on the above sig-
nificant factors, the severity of UPE within 24 hours postop-
eratively ranges from being clinically asymptomatic, a solely 
radiographic finding, to acute respiratory failure followed 
by severe life-threatening hypoxemia.[5,19–21] Therefore, UPE 
has a significant impact on the management of the postoper-
ative respiratory system. To improve patient outcomes, early 

postoperative monitoring of respiratory mechanics is essential. 
SLC is the elasticity of lung tissue measured when airflow is tem-
porarily blocked during the respiratory cycle, which is related to 
the recovery of patients with mechanical ventilation.[22] Normal 
SLC ranges from 60 to 80 mL/cmH2O in ventilated patients.[12] 
Although its primary role is to reflect the elasticity of lung tissue, 
the association between quantification of SLC and survival is 
significant. A previous study showed that patients with COVID-
19-associated ARDS who have reduced respiratory system 
compliance have high mortality rates.[23] Other patient popu-
lations, including critically ill patients with pulmonary edema, 
pneumonia, pulmonary fibrosis, neuromuscular diseases, obe-
sity, and abdominal distension, were also effectively evaluated 
using SLC.[24,25] Recent literature indicates that in mechanically 
ventilated patients, SLC may be a promising predictor for extu-
bation failure in patients with acute respiratory failure. The 
study by Abplanalp et al found that a SLC of <50 mL/cmH2O 
was not only associated with extubation failure but also with an 
increased inpatient mortality of 11.9% compared to 6.1%.[26] In 
this study, we selected patients who had undergone MICS with 
extracorporeal circulation and 1-lung ventilation technique 
to test the predictive effect of SLC for short-term outcomes. 
Notably, the results demonstrate a remarkable performance 
of SLC, significantly exceeding the cutoff value in previous 
research. In the context of MICS, the SLC warning value can 

Table 2

Basic characteristics of the H-compliance group and the L-compliance group.

Characteristics Overall (n = 245) L-compliance group (n = 185) H-compliance group (n = 60) P

Age, median (IQR) 52.0 (42.5, 59.0) 54.0 (47.5, 59.0) 51.0 (41.0, 59.0) .231
Females gender, n (%) 133.0 (54.3) 16.0 (48.5) 117.0 (55.2) .472
BMI, median (IQR) (kg/m2) 22.1 (21.2, 22.9) 22.4 (20.6, 23.6) 22.0 (21.2, 22.9) .282
Smoking history, n (%) 40.0 (16.3) 7.0 (21.2) 33.0 (15.6) .414
Hypertension, n (%) 46.0 (18.8) 6.0 (18.2) 40.0 (18.9) .925
Diabetes, n (%) 13.0 (5.3) 2.0 (6.1) 11.0 (5.2) 1.000
Atrial fibrillation, n (%) 42.0 (17.1) 12.0 (36.4) 30.0 (14.2) .002
NYHA functional class, n (%)
 � I to II 107.0 (43.7) 7.0 (21.2) 100.0 (47.2) .005
 � III to IV 138.0 (56.3) 26.0 (78.8) 112.0 (52.8)
Operative time, median (IQR) (min) 301.0 (250.0, 370.0) 380.0 (320.0, 437.5) 290.0 (240.0, 360.0) <.001
CPB time, median (IQR) (min) 163.0 (111.0, 214.0) 224.0 (185.0, 292.5) 151.5 (102.2, 203.0) <.001
ACCT, median (IQR) (min) 103.0 (55.5, 141.0) 138.0 (107.5, 173.0) 95.5 (52.2, 138.7) <.001

ACCT = aortic cross-clamp time, BMI = body mass index, CPB = cardiopulmonary bypass, IQR = interquartile range, NYHA = New York Heart Association.

Table 3

The linear regression of SLC.

Outcomes

Non-adjusted model Adjusted model

b 95% CI P b 95% CI P

Duration of mechanical ventilation 4.260 3.646 to 4.878 <.001 3.919 3.256 to 4.581 <.001
Length of ICU stay 4.814 4.137 to 5.490 <.001 4.281 3.561 to 5.002 <.001
Total hospitalization d 11.345 7.899 to 14.790 <.001 8.121 4.470 to 11.771 <.001
SOFA score 4.326 3.500 to 5.153 <.001 2.983 2.229 to 3.737 <.001
APACHE-II score 8.184 7.122 to 10.446 <.001 6.563 4.490 to 8.186 <.001

APACHE-II = acute physiology and chronic health evaluation II, ICU = intensive care unit, SLC = static lung compliance, SOFA = sequential organ failure assessment.

Table 4

The logistics regression of SLC.

Outcomes

Non-adjusted model Adjusted model

OR 95% CI P OR 95% CI P

In-hospital mortality 14.483 2.539 to 82.614 .003 0.155 0.022 to 1.081 .06

SLC = static lung compliance.
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serve as a valuable new observation index for evaluating the 
risk of UPE.

AR refers to the friction between the tracheal wall and gas 
molecules, as well as between the gas molecules themselves.[12] An 
increased AR usually indicates a kinked or obstructed endotra-
cheal tube, intraluminal mucus, or bronchospasm. The literature 
suggests that, among all the measurements of lung mechanics, 
AR may be the most closely related to lung structure.[27] Due 
to the 1-lung ventilation technique, pulmonary contusion may 
also cause increased AR from lung compression and the pull-
ing operation.[4] Most patients are intubated with a double- 
lumen endotracheal tube intraoperatively and replaced with a  
single-lumen endotracheal tube postoperatively. Respiratory 
secretions can flood the unilateral bronchus and gradually prog-
ress to the opposite lung, causing double pulmonary edema.[5] 
This is also the reason for increased AR. Based on a meta-analysis  
of mechanically ventilated patients undergoing general anesthe-
sia, AR has been implicated in postoperative pulmonary compli-
cations.[28] In addition to the study by Fuller et al, which included 
more than 1705 mechanically ventilated patients, it has been 
demonstrated that respiratory mechanics, including AR, driv-
ing pressure, and plateau pressure, are risk factors for mortality 
and ARDS.[29] The results mentioned above were validated in 
diverse populations. To the best of our knowledge, normal AR 
on a mechanical ventilator is < 15 cmH2O/(L·s).[12] In our study, 
AR was not significantly greater than normal reference values. 

In contrast, these changes were more noticeable in the SLC. In 
models of lung ventilation, the effects of lung tissue compliance 
generally dominate the mechanics compared to AR, except in 
cases of airway narrowing or blockage.[30] The SLC may serve 
as a better clinical predictor for postoperative UPE after MICS. 
Additionally, the decrease in in-hospital mortality observed in 
the H-resistance group might be attributed to 2 potential fac-
tors: selection bias, and the possibility that patients in this group 
received more aggressive and tailored treatment protocols. The 
latter may stem from heightened attention and more intensive 
management by the medical team, resulting in superior care for 
these patients.

Considering the complexity of disease progression, it is chal-
lenging to identify a definitive indicator that can comprehensively 
predict risk. The strength of this study lies in its enhancement 
of methods for the early identification of UPE patients follow-
ing MICS, which could serve as decision support for clinical 
intervention. As MICS has become more prevalent, UPE has 
received increased attention. Previous literature has shown that 
typical ARDS is associated with decreased lung compliance, 
which is managed with lung-protective ventilation strategies.[31] 
Consequently, it is essential to investigate novel and personalized 
lung protection strategies, as they can potentially enhance over-
all outcomes. However, the literature examining the role of respi-
ratory mechanics in MICS is limited. Previous lung-protective  
ventilation strategies did not elaborate on this subject.[32]

Table 5

Basic characteristics of the H-resistance group and the L-resistance group.

Characteristics Overall (n = 245) L-resistance group (n = 185) H-resistance group (n = 60) P

Age, median (IQR) 52.0 (42.5, 59.0) 51.0 (40.5, 59.0) 56.0 (46.2, 60.0) .035
Females gender, n (%) 133.0 (54.3) 98.0 (53.0) 35.0 (58.3) .469
BMI, median (IQR) (kg/m2) 22.1 (21.2, 22.9) 22.0 (21.2, 22.9) 22.3 (20.8, 23.3) .361
Smoking history, n (%) 40.0 (16.3) 29.0 (15.7) 11.0 (18.3) .628
Hypertension, n (%) 46.0 (18.8) 31.0 (16.8) 15.0 (25.0)  .155
Diabetes, n (%) 13.0 (5.3) 10.0 (5.4) 3.0 (5.0) 1.000
Atrial fibrillation, n (%) 42.0 (17.1) 26.0 (14.1) 16.0 (26.7) .024
NYHA functional class, n (%)
 � I to II 107.0 (43.7) 85.0 (45.9) 100.0 (54.1) .137
 � III to IV 138.0 (56.3) 21.0 (35.0) 39.0 (65.0)
Operative time, median (IQR) (min) 301.0 (250.0, 370.0) 280.0 (230.0, 340.0) 380.0 (322.5, 431.2) <.001
CPB time, median (IQR) (min) 163.0 (111.0, 214.0) 140.0 (98.0, 197.0) 216.0 (183.5, 265.8) <.001
ACCT, median (IQR) (min) 103.0 (55.5, 141.0) 85.0 (49.0, 128.5) 141.0 (114.5, 168.5) <.001

ACCT = aortic cross-clamp time, BMI = body mass index, CPB = cardiopulmonary bypass, IQR = interquartile range, NYHA = New York Heart Association.

Table 6

The linear regression of AR.

Outcomes

Non-adjusted model Adjusted model

b 95% CI P b 95% CI P

Duration of mechanical ventilation 2.611 2.053 to 3.169 <.001 2.404 1.787 to 3.021 <.001
Length of ICU stay 2.997 2.381 to 3.612 <.001 2.629 1.960 to 3.299 <.001
Total hospitalization days 9.650 6.949 to 12.350 <.001 6.958 3.944 to 9.972 <.001
SOFA score 3.349 2.685 to 4.012 <.001 2.038 1.390 to 2.686 <.001
APACHE-II score 5.814 4.408 to 7.220 <.001 3.445 2.113 to 4.777 <.001

APACHE-II = acute physiology and chronic health evaluation II, AR = airway resistance, ICU = intensive care unit, SOFA = sequential organ failure assessment.

Table 7

The logistics regression of AR.

Outcomes

Non-adjusted model Adjusted model

OR 95% CI P OR 95% CI P

In-hospital mortality 16.727 1.914 to 146.218 .011 0.059 0.005 to 0.625 .019

AR = airway resistance, CI = confidence interval, OR = odds ratio.
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5. Limitations
Even though this study explored the value of respiratory 
mechanics parameters in predicting the risk of UPE after MICS, 
several limitations still exist in the study design and implemen-
tation. First, it is a single-center retrospective analysis, which 
may encompass information bias. Additionally, the technical 
proficiency of MICS varies across different regions and medi-
cal settings, which may result in different respiratory mechanics 
parameters and incidences of UPE postoperatively. Second, the 
sample size in this study was relatively small, with only 245 
patients who underwent MICS included. Moreover, this study 
focused on lung mechanical changes in the early postoperative 
period, but we believe that the changes in SLC and AR depend 
on the patient’s condition. Thus, it is necessary to explore fur-
ther the changes that occur throughout the various phases of 
respiratory mechanics after MICS. Finally, respiratory mechan-
ics parameters were obtained using mechanical ventilation mon-
itoring systems, which are widely used in clinical settings but 
may still introduce measurement errors. Additionally, manually 
recorded data may be influenced by operator subjectivity. Future 
studies could consider using more advanced monitoring tech-
nologies and automated data collection systems to reduce mea-
surement errors and improve data quality. It is noteworthy to 
mention that our findings in the present study have the potential 
to provide clinicians with a cautionary measure of SLC and AR 
values for better lung-protective ventilation. Therefore, future 
prospective studies with more centers and larger samples are 
needed.

6. Conclusions
In conclusion, this study demonstrates that immediate post-
operative SLC < 40 mL/cmH2O and AR > 11 cmH2O/(L·s) are 
potentially valuable indicators for predicting postoperative 
UPE in patients undergoing MICS. These respiratory mechanics 
parameters provide critical insights into the early identification 
of patients at risk for developing UPE, thereby facilitating timely 
intervention strategies to mitigate adverse outcomes.
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