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Abstract

Objective: To compare intraoperative oxygenation and early perioperative outcomes between patients undergoing thoracoscopic and open
thoracic surgery with one-lung ventilation, using peripheral oxygen saturation 30 minutes after initiation of one-lung ventilation as the primary
outcome.

Methods: In this single-center retrospective study, 42 adults undergoing elective thoracic surgery with one-lung ventilation in 2025 were
classified according to the planned surgical approach as thoracotomy (n = 29) or thoracoscopy (n = 13). Three converted procedures re-
mained in the thoracoscopy group. Secondary outcomes included intraoperative PaOR/FIOR ratio, calculated shunt fraction, hypoxemia,
ventilatory settings, one-lung ventilation duration, postoperative gas exchange, duration of postoperative mechanical ventilation, and inten-
sive care unit stay. Secondary analyses were considered exploratory.

Results: Baseline characteristics were similar, whereas major thoracic procedures were more frequent in the thoracotomy group (58.6% vs.
15.4%, p = 0.017). During one-lung ventilation, peripheral oxygen saturation was higher in the thoracoscopy group (98% [IQR 94-100] vs.
90% [IQR 89-95], p = 0.011; Hodges-Lehmann estimate 5 percentage points, bootstrap 95% CI 1-8). One-lung ventilation lasted longer
in the thoracotomy group (130 [IQR 115-180] vs. 60 [IQR 50-140] minutes, p = 0.038; Hodges—Lehmann estimate 50 minutes, bootstrap
95% CI 0-80). Other intraoperative and early outcomes were similar.

Conclusions: For the primary outcome, thoracoscopy was associated with higher peripheral oxygen saturation during one-lung ventilation.
Among exploratory secondary outcomes, open thoracotomy was associated with longer one-lung ventilation. The imbalance in procedural
complexity and attenuation of the saturation difference after exclusion of conversions indicate that these associations should not be inter-
preted as causal.
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Introduction tion (OLV) to provide surgical exposure and isolate the

Thoracotomy remains an established surgical approach for
the diagnosis and treatment of thoracic diseases. However,
the incision and rib spreading required for open surgery
may cause substantial chest-wall trauma and are associated
with postoperative pain and pulmonary, pleural, and car-
diovascular complications. Postoperative pulmonary com-
plications, including atelectasis, pneumonia, respiratory
failure, and acute respiratory distress syndrome, are impor-
tant contributors to morbidity after thoracic surgery (1-5).

Video-assisted thoracoscopic surgery (VATS) is a mini-
mally invasive alternative to open thoracotomy. By reduc-
ing the extent of the incision and chest-wall trauma, thora-
coscopic surgery may be associated with less postoperative
pain, fewer wound complications, and shorter recovery and
hospital stay in appropriately selected patients (1,2,6-11).

Both approaches frequently require one-lung ventila-
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operative lung. Lung separation is usually achieved with
a double-lumen endotracheal tube or a bronchial blocker
(1,10,12).

During OLV, perfusion of the non-ventilated lung cre-
ates an intrapulmonary shunt and may reduce arterial oxy-
genation. Hypoxic pulmonary vasoconstriction partly lim-
its this effect by diverting blood flow toward the ventilated
lung. At the same time, the dependent lung is exposed to
increased mechanical stress and may be vulnerable to ven-
tilator-induced lung injury (1,4,12).

Consequently, OLV requires a balance between ad-
equate oxygenation and lung protection. Relevant com-
plications include hypoxemia, volutrauma, barotrauma,
atelectrauma, hyperoxia-related injury, and inflammatory
lung injury. Placement of a double-lumen tube may also
cause airway trauma or malposition (4,5,12,13).

Although thoracoscopic and open procedures differ in
surgical invasiveness, both are performed under the physi-
ological constraints of OLV. Evidence directly comparing



intraoperative oxygenation and ventilatory requirements
according to the surgical approach remains limited and
may be influenced by differences in patient selection and
procedural complexity.

The primary objective of this study was to compare
peripheral oxygen saturation measured 30 minutes after
initiation of one-lung ventilation between patients under-
going thoracoscopic and open thoracic surgery. Secondary
objectives were to compare other intraoperative oxygena-
tion indices, ventilatory parameters, duration of one-lung
ventilation, postoperative gas exchange, and early periop-
erative outcomes.

Methods

We conducted a retrospective, single-center observation-
al study at the Targu Mures Emergency County Clinical
Hospital. Adult patients who underwent elective thoracic
surgery with OLV between January and December 2025
were considered for inclusion. The study was approved by
the Institutional Ethics Committee under decision No.
Ad. 3880/16.03.2026 and was conducted in accordance
with the Declaration of Helsinki. All participants had pro-
vided written informed consent for the use of their medical
data and biological samples for scientific purposes.

Patients were classified into two groups according to the
initially planned surgical approach:

* the open thoracotomy group (n = 29);

* the thoracoscopic surgery group (n = 13).

Three procedures initially planned as thoracoscopic re-
quired conversion to thoracotomy. These patients were re-
tained in the thoracoscopy group according to the initially
planned approach. Patients were excluded when the surgi-
cal approach or key intraoperative outcome variables could
not be determined, when major intraoperative hemody-
namic instability precluded the planned monitoring pro-
tocol, or when surgery was performed as an emergency
procedure. Variables with sporadic missing values were
analyzed using available cases.

Clinical, anesthetic, ventilatory, and laboratory data
were collected retrospectively from medical records, anes-
thesia charts, and laboratory reports.

The primary outcome was peripheral oxygen satura-
tion (SpO,) recorded at the standardized intraoperative
assessment 30 minutes after initiation of one-lung ventila-
tion. Secondary outcomes were intraoperative hypoxemia,
PaO,/FiO, ratio, calculated shunt fraction (Qs/Qt), FiO,,
PEEP, peak inspiratory pressure, tidal volume, tidal vol-
ume normalized to predicted body weight, PaCO,, dura-
tion of one-lung ventilation, total surgical time, postopera-
tive PaO,/FiO, ratio and Qs/Qt, duration of postoperative
mechanical ventilation, and intensive care unit length of
stay. Because this was a retrospective study, secondary out-
comes were interpreted as exploratory.

The analyzed variables were grouped as follows:

* preoperative and procedural variables: age, sex,

body mass index, ASA physical status, peripheral
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oxygen saturation, procedure category, and conver-
sion from thoracoscopy to thoracotomy;

*  oxygenation variables: arterial blood gas samples ob-
tained 30 minutes after initiation of one-lung ven-
tilation were used for intraoperative gas-exchange
assessment. The PaO,/FiO, ratio was calculated as
arterial oxygen partial pressure divided by the in-
spired oxygen fraction at sampling. Peripheral oxy-
gen saturation at the same assessment point, calcu-
lated shunt fraction (Qs/Qt), postoperative PaO,/
FiO, ratio, and postoperative Qs/Qt were analyzed.
Hypoxemia was defined as SpO, < 90% at the in-
traoperative assessment point;

* intraoperative ventilatory variables: fraction of in-
spired oxygen (FiO,), positive end-expiratory pres-
sure (PEEP), peak inspiratory pressure (Ppeak), tid-
al volume (VT), VT normalized to predicted body
weight (VI/PBW), and arterial partial pressure of
carbon dioxide (PaCO,). Predicted body weight
was calculated as 50 + 0.91 x (height in cm - 152.4)
for men and 45.5 + 0.91 x (height in cm - 152.4)
for women;

* carly perioperative outcomes: duration of one-lung
ventilation, total surgical time, duration of postop-
erative mechanical ventilation, and intensive care
unit length of stay.

All patients underwent general anesthesia with lung
isolation and one-lung ventilation according to the insti-
tutional thoracic anesthesia protocol. Lung isolation was
achieved with a double-lumen endotracheal tube, and cor-
rect positioning was confirmed by fiberoptic bronchosco-
py. During OLV, protective ventilation was applied with a
tidal volume of 6 mL/kg of predicted body weight and a
positive end-expiratory pressure of 5 cmH,O. FiO, was ad-
justed according to oxygenation status, targeting an SpO,
of 92-94% whenever possible. The available retrospective
records did not consistently specify a single mandatory
ventilation mode or whether recruitment maneuvers were
performed; these aspects were determined by the attend-
ing anesthesiologist according to the clinical situation and
could not be analyzed systematically. When impaired oxy-
genation was suspected, double-lumen tube position was
reassessed bronchoscopically as clinically indicated.

Statistical analyses were performed using SPSS IBM
V.23 for Windows. Data distribution was assessed using
the Shapiro—Wilk test. Continuous variables were summa-
rized as mean + standard deviation when approximately
normally distributed and as median with interquartile
range otherwise. Between-group comparisons were per-
formed using the Student t-test or Mann—Whitney U
test, as appropriate. Sex, major procedure frequency, and
hypoxemia frequency were compared using Fisher’s exact
test, and the distribution of ASA physical status was com-
pared using the Fisher—Freeman—Halton exact test. Major
procedures were defined as anatomical pulmonary resec-
tion (lobectomy, bilobectomy, or pneumonectomy) or es-
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ophagectomy. For the primary outcome and the explorato-
ry OLV-duration comparison, effect sizes were expressed as
Hodges—Lehmann location-shift estimates with bootstrap
95% confidence intervals based on 50,000 resamples. A
sensitivity analysis excluded the three procedures convert-
ed from thoracoscopy to thoracotomy. Analyses were based
on available cases for variables with missing observations.
Statistical significance was set at p < 0.05 for the primary
comparison. No formal correction for multiple compari-
sons was applied; therefore, p-values for secondary out-
comes were interpreted as hypothesis-generating.

Results

The study included 42 patients: 29 in the thoracotomy
group and 13 in the thoracoscopic surgery group. Three
of the 13 procedures initially planned as thoracoscopic re-
quired conversion to thoracotomy (23.1%). No statistical-
ly significant differences were detected in age, sex distribu-
tion, body mass index, ASA physical status, or preoperative
peripheral oxygen saturation. Major thoracic procedures
were more frequent in the thoracotomy group than in the

thoracoscopy group (17/29 [58.6%] vs. 2/13 [15.4%], p =

Table I. Baseline characteristics of study groups

0.017) (Table I). Body mass index and preoperative SpO,
were available for 12 of the 13 patients in the thoracoscopy
group and for all 29 patients in the thoracotomy group.

During OLV, peripheral oxygen saturation was higher
in the thoracoscopy group than in the thoracotomy group
(median 98% [IQR 94-100] vs. 90% [IQR 89-95], p =
0.011). The Hodges—Lehmann location-shift estimate was
5 percentage points (bootstrap 95% CI 1-8). Hypoxemia
at the intraoperative assessment point occurred in 1/13
patients (7.7%) in the thoracoscopy group and 10/29
patients (34.5%) in the thoracotomy group (p = 0.127).
Intraoperative PaO,/FiO, ratio and calculated Qs/Qt did
not differ significantly. Postoperative PaO,/FiO, ratio and
Qs/Qt were also similar between groups (Table II). Post-
operative oxygenation data were available for 11 patients
in the thoracoscopy group and 27 patients in the thora-
cotomy group.

The recorded intraoperative ventilatory variables did not
differ significantly between groups. FiO,, PEED, peak in-
spiratory pressure, absolute tidal volume, VI/PBW, and
PaCO, were comparable between the thoracoscopic and
thoracotomy groups (Table III).

Parameter Tho(rnazo:).'s:;:)opy Th(z;a:gtgc;my p-value
Age (years), median [IQR] 59 [50-67] 66 [56-69] 0.327
Female sex, n (%) 7 (53.8) 10 (34.5) 0.314
BMI (kg/m?), median [IQR] 24.0 [21.5-27.4] 24.7 [23.0-27.7] 0.465
ASA II/II/IV, n 5/6/2 11/15/3 0.900
Preoperative SpO, (%), median [IQR] 99 [98.8-100] 100 [98-100] 1.000
Major thoracic procedure, n (%) 2(15.4) 17 (58.6) 0.017

Data are median [IQR] or n (%). IQR = interquartile range; BMI = body mass index; ASA = American Society of Anesthesiologists physical status; SpO, = peripheral oxygen saturation.

Table Il. Baseline characteristics of study groups

Thoracoscopy

Thoracotomy

Parameter n=13) (n = 29) p-value
SpO; during OLV (%), median [IQR] 98 [94-100] 90 [89-95] 0.011
SpO; < 90% during OLV, n (%) 1(7.7) 10 (34.5) 0.127
Intraoperative PaO,/FiO, ratio, median [IQR] 138 [92-190] 100 [71-164] 0.265
Intraoperative Qs/Qt (%), median [IQR] 35.0 [29.7-41.8] 39.7 [30.7-47.3] 0.456
Postoperative PaO./FiO; ratio, median [IQR] 319 [232.5-366] 305 [189.5-384] 0.699
Postoperative Qs/Qt (%), median [IQR] 22.2 [14.6-24.7] 22.1[14.6-26.3] 0.872

Data are median [IQR] or n (%). Intraoperative Qs/Qt was available for 12 patients in the thoracoscopy group and 27 in the thoracotomy group. OLV = one-lung ventilation; SpO, = peripheral
oxygen saturation; PaO, = arterial partial pressure of oxygen; FiO. = fraction of inspired oxygen; Qs/Qt = calculated shunt fraction.

Table lll. Intraoperative ventilatory variables

Thoracoscopy

Thoracotomy

Parameter n=13) (n = 29) p-value
FiO. (%), median [IQR] 100 [95-100] 100 [100-100] 0.489
PEEP (cmH,0), median [IQR] 5[5-5] 5 [5-6] 0.095
Ppeak (cmH,0), mean + SD 22.00 + 5.53 20.31 +6.30 0.445
VT (mL), mean + SD 329.09 + 62.36 336.92 + 62.97 0.731
VT/PBW (mL/kg), median [IQR] 5.90 [5.23-6.35] 5.48 [4.50-6.10] 0.427
PaCO, (mmHg), mean + SD 46.34 + 8.10 50.20 + 12.15 0.303

PEEP was available for 11 patients in the thoracoscopy group and 27 in the thoracotomy group; Ppeak and absolute VT were available for 11 and 26 patients, respectively. VT/PBW was availa-
ble for 10 and 26 patients, respectively. IQR = interquartile range; SD = standard deviation; FiO, = fraction of inspired oxygen; PEEP = positive end-expiratory pressure; Ppeak = peak inspiratory
pressure; VT = tidal volume; PBW = predicted body weight; PaCO, = arterial partial pressure of carbon dioxide.



The duration of one-lung ventilation was longer in the
thoracotomy group than in the thoracoscopy group (medi-
an 130 [IQR 115-180] vs. 60 [IQR 50-140] minutes, p =
0.038). The Hodges—Lehmann location-shift estimate was
50 minutes (bootstrap 95% CI 0-80). Total surgical time,

Table IV. Early perioperative outcomes
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duration of postoperative mechanical ventilation, and in-
tensive care unit length of stay were numerically greater
after thoracotomy, but the differences were not statistically

significant (Table IV).

Parameter Thoracoscopy Thoracotomy p-value
Duration of OLV (minutes), median [IQR] 60 [50-140] 130 [115-180] 0.038
Total surgical time (minutes), median [IQR] 110 [80-170] 180 [130-200] 0.108
Postoperative mechanical ventilation (minutes), median [IQR] 60 [52.5-150] 120 [60-200] 0.280
ICU length of stay (days), median [IQR] 1[1-1] 1[1-1] 0.192

Postoperative mechanical ventilation duration was available for 10 patients in the thoracoscopy group and 25 in the thoracotomy group. ICU length of stay was available for 13 and 23 patients,

respectively. OLV = one-lung ventilation; ICU = intensive care unit; IQR = interquartile range.

Discussions

The principal finding for the primary outcome was that
patients in the thoracoscopy group maintained a higher
peripheral oxygen saturation 30 minutes after initiation of
one-lung ventilation. Among the exploratory secondary
outcomes, open thoracotomy was associated with a longer
duration of one-lung ventilation. Major thoracic proce-
dures were substantially more frequent in the thoracotomy
group, indicating an important imbalance in procedural
complexity. In the sensitivity analysis excluding conver-
sions, the difference in OLV duration remained statistically
significant, whereas the saturation difference was attenu-
ated and no longer statistically significant. No significant
differences were detected in the other evaluated intraopera-
tive oxygenation indices, postoperative oxygenation vari-
ables, ventilatory settings, or early perioperative outcomes.
Because multiple secondary comparisons were performed
without formal multiplicity adjustment, these findings
should be considered hypothesis-generating.

One-lung ventilation produces ventilation—perfusion
mismatch through continued perfusion of the non-ven-
tilated lung, while hypoxic pulmonary vasoconstriction
diverts part of the pulmonary blood flow toward the de-
pendent ventilated lung. Surgical compression, lateral
positioning, anesthetic effects, and atelectasis in the de-
pendent lung further modify this physiology (1,12). In the
present cohort, median SpO, during one-lung ventilation
was higher in the thoracoscopy group, and the Hodges—
Lehmann estimate suggested a 5-percentage-point location
shift. Hypoxemia, defined as SpO, < 90% at the standard-
ized intraoperative assessment point, was numerically less
frequent after thoracoscopy, although this difference was
not statistically significant. The PaO,/FiO, ratio and cal-
culated shunt fraction did not differ significantly between
approaches. Peripheral pulse oximetry and arterial blood
gas variables assess related but non-identical aspects of ox-
ygenation, and SpO, values may be influenced by signal
quality, peripheral perfusion, and the plateau of the oxy-
hemoglobin dissociation curve. The loss of statistical sig-
nificance for SpO, after exclusion of converted procedures
further supports cautious interpretation of this finding.

Both groups received high inspired oxygen fractions
at the standardized assessment point, with median FiO,
values close to 1.0. Under the institutional protocol, FiO,
was titrated according to oxygenation status, with a target
SpO, of 92-94% whenever possible. The high recorded
FiO, values therefore suggest that many patients required
substantial inspired oxygen to maintain the oxygenation
target during OLV. Although this strategy prioritizes avoid-
ance of hypoxemia, high FiO, may promote absorption
atelectasis and oxidative lung injury, and it may also reduce
the ability to identify oxygenation differences attributable
to the surgical approach (1,14 — 16).

Absolute tidal volume was similar between groups.
When normalized to predicted body weight, median VT/
PBW was 5.90 mL/kg in the thoracoscopy group and 5.48
mL/kg in the thoracotomy group, with a median PEEP of
approximately 5 cmH,0O in both groups. These settings
are consistent with contemporary low-tidal-volume OLV
strategies. In a 2025 three-arm randomized trial, Min et
al. reported that VT 6 mL/kg PBW with PEEP 5 cmH,O
was associated with better early postoperative oxygenation
and fewer immediate pulmonary complications than VT
4 or 8 mL/kg PBW (13). The 2200-patient PROTHOR
trial subsequently found that fixed PEEP 10 cmH,O with
recruitment maneuvers did not reduce postoperative pul-
monary complications compared with PEEP 5 ¢cmH,O
without routine recruitment; the higher-PEEP strategy
caused more hypotension and arrhythmias, although it re-
duced the need for hypoxemia rescue maneuvers (15). A
recent meta-analysis likewise suggested that individualized
PEEP may improve oxygenation and compliance without
a definitive reduction in overall postoperative pulmonary
complications (16). Together, these data favor physiologi-
cally individualized ventilation rather than routine escala-
tion of PEEP or recruitment maneuvers for all patients.

Mean PaCO, exceeded 45 mmHg in both groups,
particularly in the thoracotomy group. Mild to moderate
permissive hypercapnia may occur during lung-protective
OLV and can enhance hypoxic pulmonary vasoconstric-
tion; however, its clinical effect depends on the degree
of hypercapnia and the patient’s cardiopulmonary status
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(1,12,13). Carbon dioxide insufflation during selected
thoracoscopic procedures may also increase PaCO, (17).

Peak inspiratory pressure was not significantly different
between groups. Interpretation is limited because plateau
pressure, respiratory-system compliance, and driving pres-
sure were not available. These variables are increasingly
emphasized in protective OLV because they describe the
mechanical load applied to the ventilated lung more ac-
curately than peak pressure alone (1,15,16).

The longer duration of OLV in the thoracotomy group
should not be attributed solely to the surgical approach.
Major thoracic procedures were significantly more fre-
quent in this group, and OLV time is closely related to the
type and complexity of the procedure, extent of resection,
intraoperative findings, and surgical workflow. The Hodg-
es—Lehmann estimate suggested a 50-minute location shift
toward longer one-lung ventilation with thoracotomy, but
the lower confidence limit was close to zero. Furthermore,
three procedures initially planned as thoracoscopic were
converted to thoracotomy and remained in the thora-
coscopy group for the primary analysis. Excluding these
conversions did not materially change the direction of the
duration finding, but procedural heterogeneity and con-
founding remain important.

Postoperative PaO,/FiO, ratio and calculated Qs/Qt
were similar between groups. These findings suggest that
the observed difference in peripheral saturation during
OLV was not accompanied by a detectable between-group
difference in early postoperative gas exchange. Neverthe-
less, postoperative measurements were unavailable for sev-
eral patients, and the timing of postoperative arterial blood
gas sampling was not standardized.

Total surgical time, postoperative mechanical ventila-
tion duration, and intensive care unit stay were numeri-
cally greater in the thoracotomy group but did not differ
significantly. Contemporary minimally invasive thoracic
surgery pathways generally report reduced tissue trauma,
pain, and recovery time after VATS, although outcomes
remain strongly dependent on procedure type, case selec-
tion, conversion, analgesia, extubation practice, and insti-
tutional pathways (1,8,9,18). Recent thoracic anesthesia
research has also evaluated non-intubated VATS, with a
2025 meta-analysis reporting shorter recovery-related in-
tervals in selected patients; however, those findings are not
directly applicable to our cohort, in which all patients un-
derwent intubated OLV with a double-lumen tube (19).
The absence of a significant difference in ICU stay in the
present study therefore should not be interpreted as evi-
dence of equivalent recovery between surgical approaches,
given the small sample, procedural heterogeneity, and
missing postoperative observations.

Limitations

This study has several limitations. Its retrospective, single-
center design introduces risks of selection bias, information
bias, and unmeasured confounding. The sample was small

and the groups were unequal, reducing statistical power
and the precision of the estimates. Procedural complex-
ity differed substantially between groups, and the avail-
able dataset did not support multivariable adjustment for
this imbalance. Three thoracoscopic procedures required
conversion to thoracotomy but were analyzed according
to the initial approach. Although a primary outcome was
identified to clarify interpretation, the study was not pro-
spectively registered and multiple secondary comparisons
were performed without formal multiplicity correction;
secondary findings should therefore be considered explora-
tory. Some baseline, ventilatory, and postoperative oxy-
genation variables were missing and were analyzed using
available cases. Intraoperative arterial blood gas assessment
was standardized at 30 minutes after initiation of one-lung
ventilation, but the timing of postoperative arterial blood
gas sampling was not standardized. The core OLV protocol
specified a tidal volume of 6 mL/kg predicted body weight,
PEEP of 5 cmH,0, and FiO, titration toward an SpO,
of 92-94%; however, ventilation mode and the use, fre-
quency, and technique of recruitment maneuvers were not
consistently documented, limiting full reproducibility. The
duration of exposure to individual FiO, levels was also un-
available. VI/PBW could not be calculated for all patients
because of missing height or tidal-volume data, while pla-
teau pressure, respiratory-system compliance, and driving
pressure were unavailable. Finally, the study did not evalu-
ate postoperative pulmonary complications or longer-term
clinical outcomes.

Conclusion

Thoracoscopy was associated with higher SpO, at 30 min-
utes of OLV, whereas open thoracotomy was associated
with longer OLV duration; no significant between-group
differences were observed for the other evaluated outcomes.
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