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Abstract: Objective To construct a predictive model for postoperative hypoxaemia in general anaesthesia patients in the
post-anesthesia care unit (PACU) using LASSO-logistic regression and to validate the efficacy. Methods The clinical data of
100 general anesthesia patients (modeling group) who were transferred to the PACU for observation after surgery in
Zhongshan Hospital Affiliated to Xiamen University from December 2020 to December 2022 were retrospectively analyzed.
According to whether hypoxaemia occurred in PACU, patients were divided into occurrence group and non-occurrence group.
The clinical data of the two groups were collected, and LASSO regression were carried out for preliminary screening. Then the
predictive variables were determined by multivariate logistic regression analysis to establish a prediction model of hypoxaemia.
In addition, 30 patients with general anesthesia transferred to PACU after surgery in Zhongshan Hospital Affiliated to Xiamen
University from January 2024 to June 2024 were prospectively selected as the verification group, and the predictive efficacy of
the model was validated by using receiver operating characteristic (ROC) curves, calibration curves and decision curves. Results
Among 100 patients,21 patients developed hypoxemia. Multivariate logistic regression analysis showed that age =70 years,
preoperative peripheral, capillary oxygen saturation (SpO,)<95%, thoracic surgery, and operation time =120 min were
independent risk factors for hypoxaemia in PACU(P<0.05). The C-index of the nomogram prediction model was 0.811, and the
area under the ROC curve was 0.833(95%C#0.758-0.892). The calibration curve was close to the ideal curve, and the decision
curve showed that the model had high predictive net benefit. Conclusion Hypoxsaemia in PACU is closely related to age, and
preoperative SpO,, surgical site, operation time, and the nomogram model based on this has good prediction efficiency.
Keywords: Post-anesthesia care unit; Hypoxaemia; Oxygen saturation; LASSO-logistic regression model; Prediction model

Post-anesthesia care unit (PACU) is the location for
postoperative recovery of patients who have undergone
general anesthesia. It involves critical operations such as
monitoring and supporting the respiratory and
circulatory systems, as well as removing endotracheal
tubes. Therefore, PACU is considered a high-risk area
for the occurrence of postoperative hypoxemia [1].
According to clinical research reports, approximately
19.12% of patients experience postoperative hypoxemia
during transfer from the operating room to the PACU.
Within 30 minutes after transfer, up to 69.8% of patients
develop hypoxemia. During the PACU recovery period,
the risk of adult patients experiencing at least one
episode of hypoxemia is 35%-55% [2-3]. Severe
hypoxemia not only significantly prolongs the duration
of mechanical ventilation for patients but may also lead
to unstable blood pressure, as well as affect the
circulatory system and postoperative recovery [4].
Therefore, timely identification and effective
management of hypoxemia are crucial for the medical
team. Potential risk factors for hypoxemia have been a
focus of attention for many researchers. However, due to
differences in the variables and subjects included in
different studies, there are significant variations in the
identified risk factors [5-6], and there is a lack of

predictive models that can integrate multiple risk factors.
This study conducted a detailed analysis of the clinical
data of general anesthesia patients in the PACU, aiming
to identify risk factors associated with the occurrence of
hypoxemia and to establish a predictive model. This will
enable more accurate prediction and management of
hypoxemia in general anesthesia patients in the PACU,
thereby improving the safety and efficiency of
postoperative patient recovery.

1 Materials and Methods
1.1 General Data

A retrospective analysis was performed on the
clinical data of 100 general anesthesia patients who were
transferred to the PACU for observation after surgery at
Zhongshan Hospital Affiliated to Xiamen University
from December 2020 to December 2022. Among them,
there were 58 males and 42 females; age range was
36-78 years old. Additionally, 30 general anesthesia
patients transferred to the PACU for observation after
surgery from January 2024 to June 2024 were
prospectively selected as the validation group.

Inclusion criteria: (1) Age >18 years; (2) General
anesthesia, American Society of Anesthesiologists (ASA)
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physical status classification I-III; (3) Intraoperative
controlled ventilation via endotracheal intubation or
laryngeal mask airway; (4) Upon removal of the
endotracheal tube or laryngeal mask postoperatively, the
patient regained consciousness and was transferred to
the PACU for observation and care.

Exclusion criteria: (1) History of surgery within
one month preoperatively; (2) Combined with severe
cardiopulmonary disease; 3) Presence of
contraindications to anesthesia; (4) Presence of
coagulation dysfunction or immune dysfunction; (5)
During the anesthesia recovery period, the patient
experienced drastic fluctuations in vital signs requiring
transfer to the intensive care unit for treatment.

This study was approved by the Medical Ethics
Committee of the Zhongshan Hospital Affiliated to
Xiamen University (Ethics Filing No.: 2024-533).

1.2 Methods

1.2.1 Collection of General Data

Patient general data, surgical data, anesthesia data,
and postoperative data were obtained through the hospital
electronic medical record system and the anesthesia
recovery system. (1) General data: gender, age, body mass
index (BMI), smoking history, alcohol history,
hypertension, diabetes, ASA classification, preoperative
heart rate, preoperative peripheral oxygen saturation
(SpO2), preoperative hemoglobin (Hb), preoperative
albumin. (2) Surgical data: surgical site [thoracic (breast,
lung), non-thoracic (brain, abdomen, thyroid, soft tissue,
spine)], surgical position (prone, supine, lateral), operation
time, intraoperative blood loss, intraoperative fluid infusion
volume. (3) Ventilation mode (endotracheal intubation,
laryngeal mask), sufentanil dosage, equivalent rocuronium
dosage, Bispectral Index (BIS) at extubation. (4)
Postoperative data: use of patient controlled intravenous
analgesia (PCIA), body temperature upon PACU
admission.
1.2.2 Grouping Method

Hypoxemia was defined as an oxygen index below
300 within 30 minutes after successful removal of the
endotracheal tube or laryngeal mask. Patients were
divided into an occurrence group and a non-occurrence
group based on whether hypoxemia occurred in the
PACU [7].

1.3 Statistical Methods

Data analysis was performed using SPSS 26.0 and R
4.0.4 statistical software. Measurement data conforming
to a normal distribution are described by X =£s, and
independent samples z-test was used. Enumeration data
are described by number (%), and Chi-square test was
used; logistic regression model and least absolute
shrinkage and selection operator (LASSO) regression
were used to screen influencing factors, based on which a
nomogram was constructed; Receiver operating
characteristic (ROC) curve and calibration curve were
plotted to evaluate the model's predictive performance. P
<0.05 was considered statistically significant.

2 Results

2.1 Comparison of Clinical Data Between Two
Groups

Hypoxemia occurred in 21 cases and did not occur in
79 cases within the PACU. Differences in age,
preoperative SpQO», surgical site, operation time, and
intraoperative blood loss between the two groups were
statistically significant (P<0.05). See Table 1.

Tab.1 Comparison of clinical data between two groups

[case(%)]
Indicators Occurrence Non-occurrence j° P
group (n=21) group (n=79) value value
Gender

Male 13(61.90) 45(56.96)

Female 8(38.10) 34(43.04) 0.166 0.683
Age

>70 years 15(71.43) 27(34.18)

<70 years 6(28.57) 52(65.82) 9450 0.002
BMI

>25 kg/m? 9(42.86) 22(27.85)

<25 kg/m? 12(57.14) 57(72.15) 1,747 0.186
Smoking history 15(71.43) 64(81.01) 0.919 0.388
Drinking history 13(61.90) 59(74.68) 1.344 0.246
Hypertension 11(52.38) 27(34.18) 2.333 0.127
Diabetes 6(28.57) 15(18.99) 0.919 0.338
ASA classification

I 8(38.10) 44(55.70)

I 9(42.86) 28(35.44) 2.800 0.247

11 4(19.05) 7(8.86)

Preoperative heart rate
. .a 76.62+12.25 74.58+11.36  0.720 0.474
(beats/min)
Preoperative SpO:

<95% 8(38.10) 7(8.86)

295% 13(61.90) 72(91.14) 8.946 0.003
Preoperative Hb (g/L) 125.23+£21.17  128.84+16.68 0.831 0.408
Preoperative albumin (g/L) * 36.11+3.56 37.69+4.11 1.607 0.111
Surgical site

Thoracic 15(71.43) 31(39.24)

Non-thoracic 6(28.57) 48(60.76) 6.920 0.009
Surgical position

Prone position 14(66.67) 35(44.30)

Non prone position 7(33.33) 45(55.70) 3.320 0.068
Surgical time

>120 min 16(76.19) 29(36.71) 10.44 0.001

<120 min 5(23.81) 50(63.29) 9 '
Intraoperative blood loss

>120 mL 11(52.38) 22(27.85)

<120 mL 10(47.62) 57(72.15) 4.516 0.034
Int; tive infusi I +

ntraoperative infusion volume - 1425.19+152.1 1369 47414553 1.545 0.126
(mL) 3
Ventilation mode

Endotracheal intubation 15(71.43) 62(78.48)

Laryngeal mask 6(28.57) 17(21.52) 0.466 0495
Dosage of sufentanil (ng) * 30.24+3.28 28.89+3.18 1.718 0.089

Equivalent dosage of rocuronium

bromide (mg)* 50.26+5.53 49.9546.12 0.210 0.834

Pull out BIS value® 89.95+4.13 91.56+3.35 1.861 0.066
Postoperative use of PCIA 16(76.19) 54(68.35) 0.485 0.486
Postoperative PACU body
temperature
<36.0°C 3(14.29) 4(5.06)
>36.0 °C 18(85.71) 75(94.94) 0.857 0.355

Note: *meant the data was performed in the form of X +s.

2.2 Analysis of Influencing Factors for Hypoxemia
in General Anesthesia Patients Transferred to
PACU for Observation
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Using the occurrence of hypoxemia (no=0, yes=1)
as the dependent wvariable, and the factors with
statistically significant differences in Table 1 (age,
preoperative SpQO», surgical site, operation time,
intraoperative blood loss) as independent variables,
univariate logistic regression analysis was performed.
The results showed that age, preoperative SpO,, surgical
site, and surgical time were influencing factors for
hypoxemia (P<0.05). See Table 2. Considering the
impact of correlations between independent variables on
the model, variables with statistically significant
differences in the univariate logistic regression analysis
and the occurrence of hypoxemia were subjected to
LASSO regression analysis. The screening of variables
in the LASSO-logistic regression model with changing 1
values is shown in Figure 1. The results of the LASSO
regression model showed that 4 non-zero coefficient
hypoxemia-related indicators were screened by the
optimal A value: age, preoperative SpOa, surgical site,
surgical time >120 min. Multivariate logistic regression
analysis was performed. After adjusting for confounding
factors, the main risk factors for hypoxemia in general
anesthesia patients transferred to the PACU were finally
identified as age >70 years, preoperative SpOa <95%,
thoracic surgery, and surgical time >120 min (P<0.05).
See Table 3.

2.3 Construction of a Nomogram Model for
Predicting Hypoxemia Risk in General
Anesthesia Patients Transferred to PACU for
Observation

A nomogram model for predicting the risk of
hypoxemia in PACU patients was constructed based on the
risk factors screened in Table 3 (Figure 2). Based on each
risk factor of the patient, projecting upwards to the small
scale gives the score for each item. Summing the individual
scores gives the total score. The higher the total score, the
greater the patient's risk of developing hypoxemia.

2.4 Validation of the Nomogram Model for
Predicting  Hypoxemia Risk in General

Anesthesia Patients Transferred to PACU for
Observation

The model validation results showed a C-index of
0.811, and the area under the ROC curve (AUC) was
0.833  (95%CI:  0.758-0.892), indicating  good
discriminative ability of the model (Figure 3A); the
calibration curve was close to the ideal curve, indicating
good predictive performance of the model (Figure 3B);
the decision curve indicated that the model had a high net
benefit value (Figure 3C).
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Note: A represents the cross-validation curve; B represents the
regression coefficient path plot.

Fig.1 LASSO regression variable screening

Tab.2 Logistic regression analysis of hypoxemia in general anesthesia patients transferred to PACU observation

Independent variable p SE Wald * OR value 95%CI P value
Age 1.572 0.538 8.530 4.815 1.677~13.825 0.003
Preoperative SpO: 1.845 0.599 9.493 6.330 1.957~20.472 0.002
Surgical site 1.354 0.535 6.396 3.871 1.356~11.050 0.011
Surgical time 1.708 0.563 9.202 5.517 1.830~16.633 0.002

Tab.3 Multivariate logistic regression analysis of hypoxemia in general anesthesia patients transferred to PACU observation

Independent variable B SE Wald y? OR value 95%CI P value
Age>70 years 1.310 0.614 4.544 3.706 1.111~12.357 0.033
Preoperative Sp0:<95% 1.788 0.760 5.531 5.979 1.347~26.535 0.019
Surgical site (Thoracic) 1.295 0.611 4.497 3.651 1.103~12.083 0.034
Surgical time>120 min 1.345 0.638 4.439 3.838 1.098~13.412 0.035
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Fig.2 A nomogram model for predicting the risk of hypoxemia in general anesthesia patients transferred to PACU
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Fig.3 ROC curve, calibration curve and decision curve of the prediction model for the risk of hypoxeamia in general anesthesiapatients
transferred to PACU

3 Discussion

This study showed that the incidence of hypoxemia in
general anesthesia patients transferred to the PACU for
observation was 21%, which is basically consistent with
the 21.79% incidence reported by Chen et al [8], indicating
a high incidence of hypoxemia in the PACU. The
LASSO-logistic regression model in this study suggested
that the occurrence of hypoxemia in the PACU is
associated with age, preoperative SpO», surgical site, and
surgical time.

With increasing age, the balance of the individual's
renin-angiotensin system becomes dysregulated, leading to
an exacerbated inflammatory response and degree of lung
injury. This imbalance may be related to various
physiological and biochemical changes, including
decreased lung elasticity and enhanced alveolar closing
capacity. These changes may lead to alveolar collapse,
thereby affecting alveolar ventilation function and
ultimately resulting in the occurrence of hypoxemia [9]. A
Meta-analysis showed that age is an independent risk factor
for postoperative hypoxemia [10]. The study by Huang et
al [11] showed that the incidence of hypoxemia after
general anesthesia in elderly patients was 40.1%,
significantly higher than that in general patients. This study
further defined "age > 70 years" as a specific risk threshold,
providing a clear quantitative indicator for -clinically
screening high-risk elderly patients.

Patients with preoperative SpOz below 95% have a
probability of postoperative hypoxia that is 4 fold that of
patients with normal SpO,, and the probability of
postoperative hypoxemia is also 3 times that of patients
with normal SpO; [12]. This study showed that the risk of
hypoxemia was significantly increased in patients with
preoperative Sp02<95%. However, some patients did not
develop hypoxemia, which might be related to the lung
protective strategies implemented during surgery (such as
low tidal volume ventilation, application of positive
end-expiratory pressure, etc.). This suggests that targeted
intraoperative interventions can reduce postoperative risk
in patients with insufficient preoperative oxygen reserve,
providing a feasible approach for the "preemptive
prevention and control" of hypoxemia.

The surgical site has a significant impact on
postoperative respiratory function. Thoracic surgery,
because it directly involves the lung tissue, pleura, and
thoracic structure within the chest cavity, and surgical
maneuvers (such as lobectomy, thoracic retraction, etc.)
directly limit lung expansion and interfere with respiratory
muscle movement, leading to reduced effective ventilation
area, ventilation-perfusion mismatch, thereby increasing
the risk of hypoxemia. Studies have found that patients
undergoing combined thoracoabdominal surgery and upper
abdominal surgery have a higher probability of
postoperative hypoxemia compared to patients undergoing
surgery at other sites [13], indicating that the choice of
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surgical site may have an important impact on the patient's
postoperative oxygenation status. Combined
thoracoabdominal surgery and upper abdominal surgery
may have a greater impact on the patient's respiratory
function, thereby increasing the risk of hypoxemia. The
possible mechanism is that thoracic surgery interferes with
respiratory function more directly and persistently — for
example, thoracotomy destroys the negative pressure
environment of the pleural cavity and has a higher
probability of delayed lung re-expansion postoperatively.
This suggests that clinical management should prioritize
enhanced respiratory support (such as non-invasive
ventilation, nebulization, etc.) and oxygenation monitoring
in the PACU for patients after thoracic surgery.

Reports indicate that the occurrence of hypoxemia is
positively correlated with surgical time, meaning that the
longer the operation time, the higher the risk of hypoxemia
[14]. Increased surgical time exerts a more prolonged
stimulatory effect on the patient's body, activating a series
of inflammatory responses, leading to neutrophil
aggregation on the alveolar surface, further causing
damage to pulmonary endothelial factors, and ultimately
damaging the blood-gas barrier, affecting the effective
exchange of oxygen, and leading to the occurrence of
hypoxemia. Furthermore, prolonged surgical time is
accompanied by accumulation of anesthetic drugs,
increased duration of respiratory muscle inhibition, and
delayed recovery of postoperative respiratory function,
further aggravating oxygenation impairment. In addition,
prolonged surgery may indirectly increase problems such
as intraoperative hypothermia and difficulty in fluid
management, collectively elevating the risk of hypoxemia.
This suggests that clinically, postoperative risk can be
reduced by optimizing surgical procedures and shortening
operation time (e.g., adopting minimally invasive surgical
techniques).

The nomogram model constructed in this study based
on the above risk factors, using a concise and intuitive
image, clearly demonstrates the predictive effect of various
risk factors on the risk of hypoxemia, showing significant
advantages in clinical practice. Furthermore, during the
model validation process, this study adopted a more
comprehensive approach. Unlike the study by Lin et al
[15], this study did not rely solely on the ROC curve as an
evaluation tool. On the contrary, the validation work in this
study integrated multiple evaluation indicators, including
the C-index, calibration curve, ROC curve, and decision
curve, to comprehensively verify the model's accuracy and
discriminative ability. This multi-dimensional validation
method not only enhanced our confidence in the model's
performance but also improved the rigor and credibility of
the entire research results. Through these comprehensive
evaluation means, this study ensured that the model's
validity and applicability were fully verified and
guaranteed.

This study still has some limitations: (1) The sample
size is relatively small. The number of hypoxemia cases in
the modeling group was only 21, and the validation group
sample size was only 30, and it was a single-center study.
This resulted in wide 95%ClIs for some risk factors (such as

preoperative SpO> <95%, age >70 years, etc.) in the
multivariate logistic regression analysis, reflecting
insufficient precision and stability of the effect estimates,
which may affect the model's accuracy; (2) The study used
a design combining retrospective analysis with prospective
small-sample validation. The retrospective part has
potential for selection bias and information bias, and the
validation group did not undergo multi-center, large-sample
validation, limiting the model's generalizability and
universality; (3) More factors that might affect hypoxemia
(such as details of anesthesia methods, postoperative
analgesia regimen, follow-up, etc.) were not included,
which might lead to omitted factors and have a certain
impact on the model's comprehensiveness.

In the future, it is necessary to expand the sample size,
include anesthesia-related factors, conduct long-term
prognostic follow-up of patients, use standardized data
collection tools to collect data, reduce data bias, and further
improve the model's predictive ability and applicability.
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Predictive model of postoperative hypoxaemia in patients undergoing general

anaesthesia in the post-anesthesia care unit based on LASSO-logistic regression
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Abstract: Objective To construct a predictive model for postoperative hypoxaemia in general anesthesia patients in
the post - anesthesia care unit (PACU) using LASSO -logistic regression and to validate the efficacy. Methods The
clinical data of 100 general anesthesia patients (modeling group) who were transferred to the PACU for observation after
surgery in Zhongshan Hospital Affiliated to Xiamen University from December 2020 to December 2022 were
retrospectively analyzed. According to whether hypoxaemia occurred in PACU, patients were divided into occurrence
group and non-occurrence group. The clinical data of the two groups were collected, and LASSO regression were carried
out for preliminary screening. Then the predictive variables were determined by multivariate logistic regression analysis
to establish a prediction model of hypoxaemia. In addition, 30 patients transferred to PACU undergoing general
anesthesia after surgery in Zhongshan Hospital Affiliated to Xiamen University from January 2024 to June 2024 were
prospectively selected as the verification group, and the predictive efficacy of the model was validated by using receiver
operating characteristic (ROC) curves, calibration curves and decision curves. Results Among 100 patients, 21
patients developed hypoxaemia. Multivariate logistic regression analysis showed that age =70 years, preoperative

peripheral, capillary oxygen saturation (Sp0.) < 95%, thoracic surgery, and operation time =120 min were independent
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risk factors for hypoxaemia in PACU (P<0.05). The C-index of the nomogram prediction model was 0.811, and the area
under the ROC curve was 0.833 (95% CI: 0.758-0.892). The calibration curve was close to the ideal curve, and the

decision curve showed that the model had high predictive net benefit. Conclusion Hypoxaemia in PACU is closely

related to age, and preoperative SpO., surgical site, operation time, and the nomogram model based on this has good

prediction efficiency.

Keywords: Post-anesthesia care unit; Hypoxaemia; Oxygen saturation; LASSO-logistic regression model; Prediction model
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Tab.2  Univariate logistic regression analysis of hypoxaemia

in general anesthesia patients transferred to PACU observation
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Tab.3  Multivariate logistic regression analysis of hypoxaemia

in general anesthesia patients transferred to PACU observation
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Fig.2 A nomogram model for predicting the risk of hypoxemia in general anesthesia patients transferred to PACU
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