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High Sustained Nocturnal Hypoxemic Burden
Identifies Patients With High Risk for Prolonged
Hospital Stay After Anatomical Lung Surgery, a
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Clinical Practice Points

• High nocturnal hypoxemic burden defined as T90 > 12% of total recording time in polygraphy was found in 24.3% of
the included patients. The hypoxemic burden is easy to assess with polygraphy. Patients with high hypoxemic burden
have a risk for a longer hospital stay after anatomical lung resection. Therefore, information about nocturnal hypoxemic
burden before anatomical lung surgery identifies patients at risk for longer LOS. Multiple underlying pathologies as COPD,
heart failure, sleep apnea or pulmonary fibrosis can cause nocturnal hypoxemic burden. Some of them can be treated
specifically. In the future, this could be used in the sense of individualized precision medicine to specifically identify and
prehabilitate patients with high nocturnal hypoxemic burden preoperatively to reduce their length of hospital stay and thus
reduce costs and potential complications associated with prolonged length of hospital stay.
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Introduction
Sleep disordered breathing (SDB) is widespread in the general

population with a prevalence of 23% in women and 49% in men.1

SDB and associated hypoxia have been linked with malignant
diseases.2,3 Previous analyses found a higher incidence of cancer
with higher nocturnal hypoxemic burden (T90).2 Various under-
lying diseases such as COPD, chronic heart failure or SDB can
contribute to nocturnal hypoxemic burden (T90) sometimes even
before symptoms of the underlying disease appear during the day or
established diagnostic tests indicate abnormalities.4
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Approximately half of newly diagnosed lung cancer patients suffer
from SDB, 32% have mild SDB and 17% have moderate to severe
SDB.5 In addition, a significant proportion of newly diagnosed lung
cancer patients suffer from nocturnal hypoxemia.5 Lung cancer is an
entity with an increasing incidence and a high mortality. Anatomical
lung resection is a pillar of treatment for lung cancer in localized
stages.

The multimodal concept of enhanced recovery after surgery
(ERAS) including various preoperative, operative and postopera-
tive measures has been established in recent years to reduce patient
morbidity and mortality and thus reduce the length of stay after
these procedures.6,7 In addition to these established factors, SDB
and nocturnal hypoxemic burden could also be factors that influence
the perioperative course of patients after lung resection. In cardiac
surgery, it was previously shown, that preexisting SDB can influence
the postoperative course of the patients.8

Therefore, the aim of this study was to evaluate the association of
nocturnal hypoxemic burden on the length of hospital stay (LOS)
and the rate of postoperative pulmonary complications (PPC) after
thoracic surgery for lung cancer.
Clinical Lung Cancer April 2026 235

http://crossmark.crossref.org/dialog/?doi=10.1016/j.cllc.2026.01.001&domain=pdf
mailto:clemens.wiest@ukr.de
https://doi.org/10.1016/j.cllc.2026.01.001


High Sustained Nocturnal Hypoxemic Burden Identifies

236
Methods
Study Design

This prospective monocentric pilot study was conducted at the
University Hospital Regensburg (UKR), a tertiary center perform-
ing about 120 anatomical lung resections annually. All patients
underwent standard preoperative evaluation, including spirome-
try and body plethysmography. Surgical indication and resection
extent were determined in the interdisciplinary tumor confer-
ence, considering the aspects of the most parchenym-sparing,
oncologic-guideline-compliant approach. Ethical approval was
obtained (University of Regensburg, No. 22-2829-101). Patients
with confirmed or suspected pulmonary neoplasia scheduled for
elective anatomical resection were included, while those undergoing
sleeve or tracheal/carina resections were excluded.

Patients undergoing anatomical lung resection were monitored
preoperatively using portable SDB polygraphy the night prior
surgery. Apnea was defined as ≥ 90% airflow reduction for ≥ 10 s,
hypopnea as 30% to 90% reduction for ≥ 10 s, and desaturation
as ≥ 4% drop in SpO2. The apnea–hypopnea index (AHI) measures
events per hour, with ≥ 15/h indicating SDB. Nocturnal hypox-
emic burden (T90) and T90/TRT represent the percentage of total
recording time (TRT) with SpO2 < 90%.9 Patients with preexisting
SDB were included.

The endpoints length of hospital stay (LOS, from the day of
surgery to the day of discharge and the rate of early postoperative
pulmonary complications (PPC, within < 2 weeks after surgery)
were assessed. PPC (including respiratory infection, respiratory
failure, pleural effusion, atelectasis, pneumothorax, bronchospasm
and aspiration pneumonitis) were defined according to Jammer
et al.10 Patients were stratified according to T90 > 12% and ≤ 12%,
as described by Campos-Rodriguez et al.2

Postoperative Treatment and Hospital Discharge Criteria
Patients are discharged 1 day after chest tube removal if X-ray is

normal for the given situation, they are mobilized, independent of
oxygen, on oral pain medication, and tolerating oral intake, follow-
ing standardized institutional procedures applied uniformly.

Statistical Analysis. Continuous variables are presented as median
(25th-75th percentile), categorical as number and percentage.
Group differences were assessed using Mann–Whitney U or Chi-
square tests. Linear and binary logistic regression models, adjusted
for perioperative risk factors, evaluated T90 > 12% and predictors
of pulmonary complications. P < .05 was significant. Analysis was
performed with SPSS 26 (IBM SPSS Statistics).

Results
Patients

From April 2022 to April 2023, 100 consecutive patients were
eligible for study participation. In particular, 30 patients resulted
in extraanatomical lung resection and were not included in this
analysis. The remaining 70 consecutive patients underwent anatom-
ical lung resection and were included in the analysis. Preoperative
patient characteristics were similar between both groups (Table 1).
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Surgical Procedures
Most patients (n = 48; 69%) had lobectomy, 22 patients (31%)

had segmentectomy. The resection was performed via thoraco-
tomy in 37 (n = 30 lobectomy) patients and using video-assisted
thoracoscopic surgery (VATS) in 33 patients (n = 18 lobectomy).
Pulmonary function testing in categories of segmentectomy and
lobectomy is shown in Supplemental Table 3.

Polygraphy and Lung Function
Prevalence of T90 > 12% was 24.3% (Table 1). Patients with

T90 > 12% were predominantly male and were older, had a higher
body-mass index and had more often SDB as well as chronic
pulmonary disease compared to those with T90 ≤ 12%. Lung
function was similar between both groups, only Vital capacity (VC)
was lower in the T90 > 12% group compared to those with
T90 ≤ 12%.

Postoperative Course
Patients with T90 > 12% had a significant longer LOS (7.0 (5.0-

11.5) versus 5.0 (4.0-8.0) days; P = .018) (Figure 1A). In contrast,
other established perioperative risk-factors such as age > 65 years,
BMI > 30 kg/m2, FEV1 below 2 Liters or ASA classification ¾, did
not predict a longer LOS (Figure 1A, Table 2, Supplemental Table
1). Linear regression model adjusted for the afore mentioned risk-
factors revealed T90 > 12% as independent factor influencing LOS
(Table 2). A sensitivity analysis for different T90 cut-off values is
shown in Supplemental Table 2.

PPC occurred in 21% of all patients. In the T90 > 12%
group PPC occurred numerically more frequent (29.4% vs. 18.9%,
P = .497) compared to those with T90 ≤ 12% (Figure 1B,
Supplemental Table 1, summary of PPC in Supplemental Table
5). Other known risk factors as Age, BMI > 30 kg/m2, FEV1
below 2 Liters or ASA classification 3 to 4 did not predict occur-
rence of PPC (Figure 1B, Supplemental Table 1). Patients with
PPC had a significant longer LOS (8.5 (7.75-12.25) versus 5 (4-7),
P < .001) compared to those without PPC (Supplemental Figure
1). Binary logistic regression models for prediction of PPC revealed
segmentectomy as independent risk factor for occurrence of PPC
(Supplemental Table 4).

Discussion
This study is the first to analyze patients undergoing anatom-

ical lung resection with respect to length of hospital stay (LOS)
while considering nocturnal hypoxemia. A sustained hypoxemic
burden (T90 > 12%) was present in 24.3% of patients. The
true prevalence in patients with localized lung cancer may be even
higher, although many are not surgical candidates due to pulmonary
restrictions. Clinically significant sleep-disordered breathing (SDB)
occurred in 30% of patients, consistent with current literature.5 The
overall LOS was short (5 days), compared to international litera-
ture.11 The short hospitalization might be a result after implemen-
tation of a modified ERAS concept in the Department of Thoracic
Surgery.12

Unadjusted analysis revealed a 2-day longer LOS in patients with
T90 > 12%. After adjusting for known perioperative risk factors,
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Table 1 Baseline Characteristics of All Included Patients

Total Population n = 70 T90 > 12% n = 17 T90 ≤ 12% n = 53 P-Value
Age, years 66 (58-71) 70 (59-75) 64 (57-71) .096
Male sex, n (%) 45 (64) 14 (82) 31 (59) .088
BMI, kg/m2 27.3 (24.1-30.1) 30.3 (27.8-32.9) 26.4 (3.5-29.0) .002
Active smoker (%) 55 (79) 15 (88) 40 (76) .429
Smoking status(packyears) 30 (14-50) 35 (30-58) 30 (6-45) .193
COPD (%) 16 (23) 6 (35) 10 (19) .191
ASA (%)

ASA II 8 (11.4) 1 (5.9) 7 (13.2) .669
ASA III 59 (84.3) 15 (88.2) 44 (83.0) 1.0
ASA IV 3 (4.3) 1 (5.9) 2 (3.8) 1.0

Charlson comorbidity index 3.0 (2.0-6.0) 3.0 (2.0-6.5) 3.0 (2.0-6.0) .467
Results of preoperative polygraphy
AHI, events/hour TRT 5.3 (1.2-16.9) 24.6 (7.7-50.7) 3.3 (0.9-9.8) < .001
AHI ≥ 15, n (%) 21 (30) 11 (65) 10 (19) .002
ODI, events/hour TRT 4.5 (1.3-16.8) 23.4 (8.7-55.1) 2.5 (1.0-8.1) < .001
T90, % of TRT 1.9 (0.1-11.4) 61.0 (24.3-86.5) 0.5 (0.0-2.4) < .001
Results of preoperative pulmonary function testing

FEV1, L 2.5 (2.0-2.8) 2.3 (1.8-2.8) 2.6 (2.1-2.9) .334
FEV1, % 82 (74-99) 77 (59-92) 84 (76-101) .107
VC, L 3.6 (3.0-4.0) 3.5 (2.9-3.8) 3.6 (3.0-4.0) .767
VC, % 90 (83-101) 82 (73-97) 91 (85-102) .026
DLCO, % 67 (52-78) 55 (44-74) 68 (54-78) .122
TLC, % 108 (97-117) 106 (90-117) 109 (98-117) .561

Surgical procedures
Lobectomy, n (%) 48 (68.6) 14 (82.4) 34 (64.2) .232
Segmentectomy, n (%) 22 (31.4) 3 (17.6) 19 (35.8) .232
VATS, n (%) 33 (47.1) 5 (29.4) 28 (52.8) .105
Thoracotomy, n (%) 37 (52.9) 12 (70.6) 25 (47.2) .105

Postoperative histology
Adenocarcinoma, n (%) 34 (48.6) 5 (29.4) 29 (54.7) .096
Squamous cell carcinoma, n (%) 15 (21.4) 8 (47.1) 7 (13.2) .006
Other, n (%) 21 (30) 4 (23.5) 17 (32.1) .561

Summary of endpoints
LOS 5 (4-8) 7 (5–11.5) 5 (4-8) .018
Postoperative pulmonary complications, n (%) 15 (21.4) 5 (29.4) 10 (18.9) .497

Continuous variables are shown as median and percentiles (25th-75th). Categorial variables are shown as number and percentage.
Abbreviations: AHI = apnea-hypopnea-index; BMI = body-mass-index; COPD = chronic obstructive pulmonary disease; DLCO = diffusion-capacity. FEV1 = forced expiratory volume in 1 second;
ODI = oxygen-desaturation index; TLC = total lung capacity; TRT = total recording time; VC = Vital-Capacity.

Table 2 Linear Regression Model for Length of Stay (LOS)

Risk Factor Non Adjusted B (95%CI) P-Value Adjusted B (95%CI) P-Value
Age > 65 1.461 (−0.690-3.612) .180 0.482 (−1.834-2.798) .679
BMI > 30 kg/m2 1.109 (−1.472-3.689) .394 −0.770 (−3.817-2.276) .615
T90 > 12% 2.931 (0.492-5.371) .019 2.767 (0.012-5.521) .049
ASA Classification 3/4 −0.365 (−3.996-3.265) .842 −0.957 (−4.653-2.740) .607
FEV1 < 2 Liters 1.352 (−1.222-3.926) .298 1.368 (−1.446-4.181) .335
Segmentectomy 1.455 (−0.866-3.775) .215 2.416 (−0.064-4.895) .056
VATS −1.180 (−3.344-0.984) .280 −1.555 (−3.976-0.865) .204
Female Sex −1.053 (−3.313-1.206) .356 −1.248 (−3.669-1.173) .307

Abbreviations: B = regressioncoeffizient; BMI = body-mass-index; CI = confidenzintervall; FEV1 = forced expiratory volume in 1 second; VATS = video assisted thoracic surgery.
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Figure 1 (A) LOS in categories of T90 > 12% and T90 ≤ 12% and other known risk factors. Variables are shown as median and
IQR 25th-75th. (B) Proportion of PPC in categories of T90 > 12% and T90 ≤ 12% and other known risk factors.
∗:P < .05, Abbreviation: ns = not significant.
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T90 > 12% remained an independent predictor of prolonged hospi-
talization, showing a similar impact on LOS as BMI > 30 kg/m²,
age > 65 years, or reduced FEV1. Identifying patients at risk of
prolonged LOS is essential, as each additional hospital day increases
the risk of adverse drug reactions by 0.5%, infections by 1.6%, and
ulcers by 0.5%.13

PPC occurred in 21.7% of cases, most commonly bronchopleural
fistula, aligning with existing data.14,15 Numerically, the incidence
of PPC was higher in the T90 > 12% group, and PPC itself was
independently associated with longer LOS. Regression analysis also
identified segmentectomy as a potential risk factor for PPC, though
this requires validation in larger cohorts to distinguish between
patient selection and procedural risk.

Within the ERAS framework, these findings highlight the clinical
relevance of nocturnal hypoxemia. Measuring T90 preoperatively
offers a simple, noninvasive tool to identify approximately one-
quarter of patients at risk for extended hospitalization. It has recently
been shown that different underlying diseases are associated with a
different pattern of T90 resulting from pulmonary, chronic heart
failure, obesity or SDB,9 which in turn can be specifically addressed
preoperatively.

Further studies needed to investigate the clinical effect of this
proposal. The results of this study allow informed trial design to
further investigate hypoxia related perioperative risk and its preven-
tion in patients with operable lung cancer.

Limitations
The main limitation of this pilot study is its single-center design

and small sample size. Due to the different surgical approaches and
extent of resection, it is not feasible to conduct subgroup analyses of
hypoxemic burden effects. The overall LOS was short; therefore, the
effects of nocturnal hypoxemia might be underestimated. Addition-
ally, the cut-off value for sustained hypoxemic burden (T90 > 12%)
was derived from an oncologic-risk-study and may not be optimal.
Larger studies are needed to determine the ideal cut-off and clarify
these findings.
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Conclusion
This is the first analysis of patients with anatomical lung resection

for lung cancer regarding LOS, considering nocturnal hypoxemic
burden. Our study indicated, that 24.3% of the patients showed
T90 > 12%. In contrast to established risk factors, high hypox-
emic burden was independently associated with longer LOS after
anatomical lung surgery. Data allow informed trial design to further
investigate hypoxia related perioperative risk and its prevention in
patients with operable lung cancer.
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Supplementary material
Table S1 LOS and proportion of PPC for other perioperative risk factors.

Factor Length of stay p-value Proportion of PPC p-value
Male (n=45) 6 (4 – 8) 0.551 17.8% 0.370
Female (n=25) 5 (4 – 8) 28%
BMI <25 kg/m2 (n=25) 5 (4 – 8) 0.040 13% 0.349
BMI > 25 kg/m2 (n=45) 7 (5 – 8.75) 25%
BMI>30 kg/m2 (n=16) 6.5 (5 - 9) 0.206 19.6% 0.727
BMI<30 kg/m2 (n=54) 5 (4 – 8) 25%
Age <=65 years (n=34) 5 (4 - 8) 0.443 17.6% 0.564
Age > 65 years (n=36) 6.5 (4 – 8) 25%
FEV1 < = 2L (n=16) 7.5 (5 – 8.75) 0.085 25% 0.720
FEV1 > 2L (n=54) 5 (4 – 8) 18.4%
COPD (n=16) 6.5 (4 -8) 0.524 31.3% 0.308
No COPD (n=54) 5 (4 – 8) 18.5%
VATS (n=33) 5 (4 -7) 0.008 15.2% 0.258
Thoracotomy (n=37) 7 (5 – 9) 27%
Lobectomy (n=48) 6,0 (5,0-8,0) 0.577 16.7% 0.210
Segmentectomy (n=22) 5,0 (3,75-9,5) 31.8%
ASA½ (n=7) 7 (4 – 10) 0.416 14.3% 1.0
ASA¾ (n=63) 5 (4 – 8) 22.2%
PPC (n=15) 8.5 (7.75–12.25) <0.001
No PPC (n=55) 5 (4 – 7)
AHI >15/h (=21) 5 (4 – 8.5) 0.833 22.9% 0.526
AHI <=15/h (n=48)∗ 6.5 (4 – 8) 14.3%
T90>12% (n=17) 7,0 (5,0-11.5) 0.018 29.4% 0.497
T90<=12% (n=53) 5,0 (4,0-8,0) 18.9%

Continuous variables are shown as median and IQR (25th-75th)
∗ 1 missing to technical problems during polygraphy

Clinical Lung Cancer April 2026



Clemens Wiest et al

Table S2 Sensitivity analysis for different T90 cut-off values.

Risk factor Adjusted
B(95%CI)

Model
T90>5%

p-value Adjusted
B(95%CI)

Model
T90>10%

p-value Adjusted
B(95%CI)

Model
T90>12%

p-value Adjusted
B(95%CI)

Model
T90>15%

p-value Adjusted
B(95%CI)

Model
T90>20%

p-value

Age >65 0.639(-
1.692–
2.917)

0.585 0.489
(-1.810-
2.788)

0.672 0.482
(-1.834 –

2.798)

0.679 0.625
(-1.703-
2.953)

0.593 1.009
(-1.349-
3.367)

0.396

BMI >30kg/m2 -0.286(-
3.293–
2.721)

0.850 -0.751
(-3.770-
2.269)

0.621 -0.770
(-3.817–
2.276)

0.615 -0.540
(-3.593-
2.514)

0.725 0.054
(-3.108-
3.216)

0.973

T90 1.906(-
0.530–
4.343)

0.123 2.879
(0.182-
5.576)

0.037 2.767
(0.012 –
5.521)

0.049 2.243
(-0.512-
4.999)

0.109 -0.184
(-3.152-
2.783)

0.902

ASA
Classification
3/4

-0.912(-
4.657–
2.832)

0.628 -0.561
(-4.268-
3.146)

0.763 -0.957
(-4.653–
2.740)

0.607 -.983
(-4.719-
2.754)

0.601 -1.038
(-4.856-
2.780)

0.589

FEV1 <2 Liters 1.331(-
1.517–
4.180)

0.354 1.388
(-1.415-
4.190)

0.326 1.368
(-1.446 –

4.181)

0.335 1.481
(-1.368-
4.330)

0.303 1.338
(-1.569-
4.245)

0.361

Segmentectomy 2.281(-
0.220-
4.781)

0.073 2.438
(-0.031-
4.908)

0.053 2.416
(-0.064 –

4.895)

0.056 2.313
(-0.187-
4.813)

0.069 2.039
(-0.527-
4.606)

0.117

VATS -1.545(-
4.001–
0.911)

0.213 -1.431
(-3.852-
0.991)

0.242 -1.555
(-3.976–
0.865)

0.204 -.1605
(-4.050-
0.840)

0.194 -1.750
(-4.244-
0.743)

0.166

Female Sex -1.330(-
3.782–
1.121)

0.282 -1.166
(-3.587-
1.255)

0.339 -1.248
(-3.669–
1.173)

0.307 -1.385
(-3.821-
1.050)

0.260 -1.665
(-4.140-
0.810)

0.184

B= Regressioncoeffizient; CI= Confidenzintervall

Table S3 Preoperative pulmonary function testing for different extent of lung resection.

All Patients n=70 Segmentectomy n=22 Lobectomy n=48 p-Value
FEV1 (L) 2.5 (2.0-2.8) 2.6 (2.0-2.9) 2.4 (2,1-2,8) 0.919
FEV1 % 82 (74-99) 89 (76-100) 82 (73-97) 0.305
VC (L) 3.6 (3.0-4.0) 3.5 (2.6-4.0) 3.6 (3.1-3.9) 0.395
VC % 90 (83-101) 92 (82-101) 89 (83-101) 0.881
DLCO % 67 (52-78) 65 (55-75) 68 (48-78) 0.894
TLC % 108 (97-117) 106 (98-123) 110 (97-117) 0.849

Continuous variables are shown as median and percentiles (25th-75th). Forced Expiratory Volume in 1 second. VC: Vital-Capacity, DLCO: Diffusion-capacity. TLC: Total lung capacity.

Table S4 Riskfactors for PPC.

Risk factor Non adjusted B(95%CI) p-value Adjusted B (95%CI) p-Value
Age >65 Years 1.556 (0.487 – 4.964) 0.456 1.212 (0.332 – 4.430) 0.771
BMI >30kg/m2 1.303 (0.351 – 4.835) 0.692 0.554 (0.112 – 2.741) 0.469
Segmentectomy 2.333 (0.720 – 7.557) 0.158 4.828 (1.070 – 21.787) 0.041

VATS 0.482 (0.146 – 1.595) 0.232 0.243 (0.048 – 1.216) 0.243
T90 >12% 1.792 (0.513 – 6.252) 0.360 2.621 (0.586 – 11.727) 0.208
ASA 3/4 1.714 (0.190 – 15.452) 0.631 1.753 (0.155 – 19.868) 0.651
DCLO (%) 1.005 (0.971 – 1.039) 0.785 1.015 (0.976 – 1.055) 0.463

B= Regressioncoeffizient; CI= Confidenzintervall
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Table S5 Summary of PPC.

All
n=70

T90>12%
n=17

T90≤12%
n=53

p-value

PPC, n, (%) 15 (21) 5 (29) 10 (19) 0.497
Complication, n, (%)

Pneumonia 3 (4) 2 (12) 1 (2) 0.144
Pneumothorax 1 (1) 0 (0) 1 (2) 1.0
Bronchopleural fistula 4 (6) 1 (6) 3 (6) 1.0
Pleural effusion 2 (3) 1 (6) 1 (2) 0.429
Hematothorax 2 (3) 0 (0) 2 (4) 1.0
Pleural empyema 2 (3) 1 (6) 1 (2) 0.429
Necrosis 1 (1) 0 (0) 1 (2) 1.0

Categorial variables are shown as number and percentage. PPC: Postoperative pulmonary complications.
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