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Abstract: Objective: To identify the risk factors associated with postoperative hypoxemia in the postanesthesia care
unit (PACU), providing evidence-based recommendations for its prevention. Methods: Observational studies examin-
ing the risk factors for postoperative hypoxemia in PACU patients were systematically searched in PubMed, Embase,
Cochrane Library, and Web of Science databases from their inception to June 2024. Two independent reviewers
screened the literature, extracted data, and assessed the quality of the studies. Meta-analysis was performed us-
ing RevMan 5.3 software, employing fixed or random effects models to calculate odds ratios (OR), relative risks
(RR), and 95% confidence intervals (Cl). Results: A total of 11 studies were included, comprising 8 cohort studies,
2 case-control studies, and 1 cross-sectional study, with a total of 24,147 subjects, of whom 5,587 experienced
hypoxemia. The meta-analysis identified the following significant risk factors for postoperative hypoxemia in the
PACU: Advanced age (OR=1.19, 95% Cl: 1.11-1.29, P<0.001); Elevated body mass index (BMI) (OR=1.64, 95% ClI:
1.36-1.97, P<0.001); Low preoperative oxygen saturation (OR=3.16, 95% CI: 2.56-3.91, P<0.001); Smoking status
(OR=1.67, 95% Cl: 1.15-2.43, P<0.05); Surgery duration >120 minutes (OR=1.43, 95% Cl: 1.22-1.69, P<0.001);
Opioid analgesic use (OR=1.51, 95% CI: 1.31-1.74, P<0.001). Conclusion: These findings highlight the need for
targeted preventive strategies in patients at high risk for postoperative hypoxemia in the PACU.
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Introduction gen tension below the normal lower limit for the
patient’s age group, accompanied by reduced
oxygen saturation [1]. Studies have shown that
19.12% of patients experience hypoxemia dur-
ing transport from the operating room to the
PACU, and 69.8% develop hypoxemia within 30
minutes of PACU admission. Additionally, bet-
ween 35% and 55% of adult patients experi-
ence at least one episode of hypoxemia during
their stay in the PACU [2]. Prolonged or severe
hypoxemia can lead to arrhythmias, abnormal
blood pressure fluctuations, delayed postoper-
ative wound healing, and even cardiac arrest
or death [3, 4]. Therefore, early identification of

During surgical procedures, patients often re-
quire anesthetic intervention to mitigate the
surgical stress response and ensure a smooth
execution of the operation. Postoperatively,
anesthetic agents are primarily metabolized
and eliminated through the urinary and gastro-
intestinal tracts, minimizing potential cerebral
toxicity. As a critical component of the periop-
erative anesthesia continuum, the postanes-
thesia care unit (PACU) plays a pivotal role in
facilitating the transition of patients from anes-
thesia to full consciousness. However, various
complications can arise during this period, with

hypoxemia being one of the most prevalent.

Hypoxemia is defined as an insufficient oxygen
level in the blood, characterized by arterial oxy-

hypoxemia risk factors in PACU patients is cru-
cial for developing targeted intervention strate-
gies and ensuring a smooth recovery from
anesthesia.
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Previous studies have identified anesthetic,
surgical, and patient-related factors associat-
ed with the occurrence of hypoxemia in the
PACU [5]. However, inconsistencies in study
populations, sample selection, research vari-
ables, and other methodological differences
have resulted in conflicting findings, hindering
the establishment of a unified understanding
and standardized management protocols. Con-
sequently, a systematic review and comprehen-
sive meta-analysis of the existing literature are
needed to investigate thoroughly the risk fac-
tors for postoperative hypoxemia in PACU pa-
tients. This review is to help clinicians to for-
mulate individualized prevention strategies and
optimize perioperative management to reduce
postoperative hypoxemia in the PACU.

Materials and methods
Eligibility criteria

Inclusion criteria: (1) Observational study de-
signs, including cohort studies, case-control
studies, and cross-sectional studies; (2) Study
participants were surgical patients transferred
from the operating room to the PACU; (3)
Hypoxemia was the exposure variable, with
clearly defined diagnostic criteria; (4) The out-
come measure was factors influencing postop-
erative hypoxemia in PACU patients.

Exclusion criteria: (1) Studies with incomplete
or insufficient data; (2) Inability to access full-
text articles or extract necessary data; (3)
Duplicate publications; (4) Studies predomi-
nantly consisting of reviews, case reports, ex-
perience summaries, expert opinions, or ani-
mal studies.

Information sources

This review has been registered on PROSPERO
(registration number: CRD42024587694). A
comprehensive search was conducted for ob-
servational studies investigating the factors
influencing postoperative hypoxemia in PACU
patients using PubMed, Embase, Cochrane
Library, and Web of Science databases from
their inception to June 2024. Relevant refer-
ences will also be collected for supplementary
analysis.

Search strategy

The search terms included “postanesthesia
care unit”, “PACU”, “hypoxia”, and “risk factors”.
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The strategy combined controlled vocabulary
and free-text terms, tailored to each database.
For instance, the PubMed search strategy was:
(((postanestheaia care unit [Title/Abstract])
OR (PACU [Title/Abstract])) AND (((((((hypoxia
[MeSH Terms])) OR (deficiencies, oxygen [Title/
Abstract])) OR (oxygen deficiency [Title/Ab-
stract])) OR (anoxemia [Title/Abstract])) OR
(hypoxemia [Title/Abstract])) OR (anoxia [Title/
Abstract]))) AND (((((((risk factors [MeSH Terms])
OR (factor, risk [Title/Abstract])) OR (popula-
tions at risk [Title/Abstract])) OR (risk sores
[Title/Abstract])) OR (risk factor scores [Title/
Abstract]) OR (correlates, health [Title/
Abstract]) OR (factors, social risk [Title/
Abstract])).

Selection process

Two authors independently screened the lite-
rature by initially reviewing article titles and
abstracts to exclude studies that do not meet
the inclusion criteria. They then performed a
full-text review of the selected articles. Any
discrepancies in the selection process were
resolved through discussion or consultation
with a third reviewer if necessary.

Data collection process

Two authors independently used a standard-
ized data extraction form to collect relevant
information, including the title, first author,
publication year, country/region, study design,
sample size, and identified risk factors. After
data extraction, they cross-checked the col-
lected data, and any discrepancies were re-
solved through consultation with a third re-
viewer if necessary.

Data items

The primary outcome variables were the inde-
pendent variables for the binary logistic re-
gression model for postoperative hypoxemia in
PACU patients. From these, calculable odds
ratios (OR) or relative risks (RR) and 95% confi-
dence intervals (Cl) were extracted.

Study risk of bias assessment

The two authors independently evaluated the
quality of cohort and case-control studies using
the Newcastle-Ottawa Scale (NOS). The NOS
assesses studies based on three domains:
selection (4 items), comparability (1 item), and
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Figure 1. Process of literature screening.

exposure/outcome (3 items), for a total of 8
items. The scoring system uses a semi-quanti-
tative star system, where each item, except for
comparability (up to 2 stars), can receive 1 star.
Each star corresponds to 1 point, with a maxi-
mum score of 9 points. A total score of >6
points indicates high-qualityarticle. The quality
of cross-sectional studies was assessed using
the Agency for Healthcare Research and Quality
(AHRQ) tool, which consists of 11 items. A score
of 28 out of 11 points was considered indica-
tive of high-quality article.

Statistical analysis

Statistical analyses were performed using
RevMan 5.3 software. Binary variables were
expressed as log odds ratios (Log OR) with 95%
Cl. Heterogeneity among the included studies
was assessed using the |2 statistic. If 1?’<50%
or P>0.05, homogeneity was considered pres-
ent, and a fixed-effects model was used for
analysis. If ’>50% or P<0.05, significant het-
erogeneity was indicated. Sensitivity analysis
and subgroup analysis were performed to iden-
tify sources of heterogeneity. If heterogeneity
could not be resolved, a random-effects model
was applied. A significance level of P<0.05 was
considered statistically significant. Publication
bias was assessed using a funnel plot, with
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— asymmetry suggesting poten-
£ tial bias.
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2D Study characteristics

The 11 studies included were,

published between 2011 and

2023. Ethiopia had the highest
number of publications (three studies). The pre-
dominant study design was cohort analysis,
with a combined sample size of 24,147 partici-
pants, including 5,587 cases of hypoxemia.
Most studies investigated up to seven risk fac-
tors, while a few focused on a single factor. The
fundamental characteristics of the included
studies are presented in Table 1.

Risk of bias in studies

Among the 11 included studies, 6 were pro-
spective cohort studies and 4 were retrospec-
tive studies (including 2 case-control studies).
All studies had Newcastle-Ottawa Scale (NOS)
scores of =6, indicating appropriate selection
of study subjects and well-defined groups.
However, only half of the studies adjusted for
the crude odds ratio in regression analysis,
as detailed in Table 2. One study (Quintero-
Cifuentes IF) received an Agency for Healthcare
Research and Quality (AHRQ) score of 10, indi-
cating high quality.

Analysis of factors related to postoperative
hypoxemia in PACU patients

Age: 8 included studies examined age-related

factors. Significant heterogeneity was obser-
ved (I’=89%, P<0.001), and sensitivity analysis
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Table 1. Fundamental characteristics of included literature

Hypoxemia Total sample

Included study Nation Research type ) Research factor
(n) size (n)

Liu SS 2011 [6] America Case-control study 348 701 ®

Aust H 2012 [7] Germany Cohort study 163 959 ORONO)

Labaste F 2016 [8] France Cohort study 67 505 ®

Kaushal A 2018 [9] India Cohort study 61 452 [OEONE)

Quintero-Cifuentes IF 2018 [10] Colombia  Cross-sectional study 60 365 @

Taye MG 2021 [11] Ethiopia Cohort study 194 424 ® G 6

Andualem AA 2022 [12] Ethiopia Cohort study 225 298 @

Lin F 2022 [13] China Case-control study 116 756 (OO

Bang YJ 2023 [14] Korea Cohort study 842 12109 D@6 6 O

Berhanu M 2023 [15] Ethiopia Cohort study 149 352 O ® @

Haller K 2023 [16] Germany Cohort study 3362 6724 @

(D: Age; @: Body Mass Index; 3): Smoking; @: Gender; ®): Hypertension; ©): American Sociological Association grade >III; : Surgery duration

over; ®: Administration of opioid analgesics.

Table 2. Bias risk assessment for cohort study/case-control

Preoperative oxygen saturation:
6 studies examined preoperative

Selection Comparability Exposure Score

oxygen saturation. No significant

study

Included study

Liu SS 2011 [6] PAGA@A¢ PAe
Aust H 2012 [7] DAQA QA QA e PAe
Labaste F 2016 [8] PAgA e aie PAe
Kaushal A 2018 [9] PAGARAGNG A
Taye MG 2021 [11] PAGAGA e PAGH
Andualem AA 2022 [12] s ¥ Ye vy PAQAS
Lin F 2022 [13] PAGA@A¢ PAQAS
Bang YJ 2023 [14] PAGAGAS PAQA¢
Berhanu M 2023 [15] Yy ix iy PAQAS
Haller K 2023 [16] PAGASAS bAe

PAQAS
PAGAS
PAGA
Agie
Yeve
PAGAG
PAGAS
PAGAS
AGAS
JASAS

6 heterogeneity was found (I1>=0%,
P=0.83), so a fixed-effects model
was applied. The results showed
that lower preoperative oxygen
saturation was a risk factor for
postoperative hypoxemia in PACU
patients [OR=3.16 (95% CI. 2.56-
3.91), P<0.001], as depicted in
Figure 4.

O 00 ~N ~N 00 00~~~

Smoking status: 3 included stud-

Y¢ symbolizes 1 point.

revealed stable I? values even when individual
studies were excluded. No source of heteroge-
neity was identified, necessitating the use of a
random-effects model for analysis. Advanced
age was identified as a significant risk factor for
postoperative hypoxemia in PACU patients
[OR=1.19 (95% CI: 1.11-1.29), P<0.001], as
depicted in Figure 2.

Body mass index (BMlI): 8 studies investigated
BMI. Substantial heterogeneity was observed
(P=87%, P<0.001), with stable I?> values across
sensitivity analyses. The consistent P values
indicated robust results. A random-effects mo-
del was used, revealing that elevated BMI was
a risk factor for postoperative hypoxemia in
PACU patients [OR=1.64 (95% CI: 1.36-1.97),
P<0.001], as shown in Figure 3.
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ies analyzed smoking status as a
risk factor. Substantial heteroge-
neity was present (I°=73%, P=
0.02), with stable I?> values observed during
sensitivity analyses. The consistent changes in
P values indicated a degree of result stability,
with no identifiable source of heterogeneity. A
random-effects model was used, demonstrat-
ing that smoking status was a risk factor for
postoperative hypoxemia in PACU patients
[OR=1.67 (95% CI: 1.15-2.43), P=0.007], as
shown in Figure 5.

Other factors: Two studies investigated addi-
tional factors, including gender, hypertension,
American Society of Anesthesiologists grade,
surgery duration, and opioid analgesic use. The
meta-analysis identified surgery duration >120
minutes [OR=1.43 (95% CI: 1.22-1.69), P<
0.001] and opioid analgesic use [OR=1.51
(95% CI: 1.31-1.74), P<0.001] as risk factors for
postoperative hypoxemia, as shown in Table 3.
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0Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE_Weight IV, Random, 95% ClI IV, Random, 95% CI
Andualem AA 2022 1.8514 05007 06%  6.37([2.39,16.99) —
AustH 2012 0.8329 01757 39% 2.30([1.63,3.29) _—
Bang YJ 2023 0.3365 00872 107% 1.40[1.18,1.66) -
Berhanu M 2023 11515 03168 1.4% 316 (1.70,5.89] E——
Haller K 2023 0.2776 00703 13.3% 1.32[1.15,1.51] -
Kaushal A 2018 0076 0.014 235% 1.08[1.05,1.11] L
Lin F 2022 0063 0017 232% 1.07[1.03,1.10) -
Quintero-Cifuentes IF 2018 0.0583 00146 235% 1.06[1.03,1.09] =
Total (95% CI) 100.0% 1.19[1.11,1.29] <*

Heterogeneity: Tau?= 0.01, Chi*= 61.85, df= 7 (P < 0.00001), F=89%
Test for overall effect. Z= 4.67 (P < 0.00001)

[SE N

05 071 1 15
Youngerage Older age

Figure 2. Relationship between age and postoperative hypoxemia in PACU patients. PACU: postanesthesia care unit.

0Odds Ratio 0Odds Ratio
Study or Subgroup  log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% Cl
AustH 2012 11314 01933 10.6% 3.10[2.12, 4.53) —
Bang YJ 2023 05833 01421 13.4% 1.81[1.37, 2.39) —_
Haller K 2023 0.4511 0077 17.1% 1.57 [1.35,1.83) -
Kaushal A 2018 0.2103 0.033 186% 1.23[1.14,1.33) -
Labaste F 2016 0.7052 0.3567 5.1% 2.02[1.01, 4.07) —
Lin F 2022 01178 0.0396 18.6% 1.13[1.04,1.22) -
Liu S5 2011 06419 01936 10.6% 1.90[1.30, 2.78) E—
Taye MG 2021 088 03239 59% 2.41[1.28, 4.55) —_—
Total (95% CI) 100.0%  1.64[1.36,1.97] L 4
Heterogeneity: Tau®= 0.05; Chi*= 54.85, df= 7 (P < 0.00001); F= 87% 5 505 01'2 5 2=0

Test for overall effect: Z=5.23 (P < 0.00001) Low body mass index High body mass index

Figure 3. Relationship between body mass index and postoperative hypoxemia in PACU patients. PACU: postanes-
thesia care unit.

Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE_Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Andualem AA 2022 1.5034 0.3602 89% 450([2.22,911]
AustH 2012 1.2238 01994 291% 3.40(2.30,5.03] —
Bang YJ 2023 1.1474 0.2093 264% 3.15(2.09,4.75 —
Berhanu M 2023 0.8633 0.2874 14.0% 2.37[1.35 4.16] e —
Labaste F 2016 11034 0.3114 11.9% 3.01 [1.64, 5.55] e —
Taye MG 2021 1.1023 0.3438 98% 3.01[1.53,591] e —
Total (95% CI) 100.0% 3.16 [2.56, 3.91] <>

it ChiE= - - - + + t + +
Heterogeneity. Chi*= 214, df=5{P=083), F=0% 005 02 1 : 20

Testfor overall effect. 2= 10.72 (P < 0.00001) High preoperative oxygen saturation Low preoperative oxygen saturation

Figure 4. Relationship between preoperative oxygen saturation and postoperative hypoxemia in PACU patients.
PACU: postanesthesia care unit.

Odds Ratio Odds Ratio
Study or Subgroup _ log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Bang YJ 2023 02311 01179 41.7% 1.26 [1.00,1.59] -
Kaushal A 2018 06841 0133 40.0% 1.98 [1.53, 2.57) -
Taye MG 2021 0.7848 03541 18.3% 219110, 4.39) —
Total (95% Cl) 100.0%  1.67 [1.15,2.43] <>
Heterogeneity: Tau®= 0.07, Chi*=7.44, df=2 (P=0.02); F=73% 0_-05 ufz é 2{0

Test for overall effect Z=2.70 (P = 0.007) Smoking No smoking

Figure 5. Relationship between smoking and postoperative hypoxemia in PACU patients. PACU: postanesthesia care
unit.
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Table 3. Meta-analysis of risk factors for postoperative hypoxemia in PACU patients

Included study Research factor Heterogeneity test Fixed effect model Random effects model
? P OR P OR P
Bang YJ 2023 [14], Haller K 2023 [16] Male 92%  <0.001 - - 0.98 (0.65-1.47) 0.92
Taye MG 2021 [11], Bang YJ 2023 [14] Hypertension 89% 0.003 - - 1.98 (0.78-5.03) 0.15
Bang YJ 2023 [14], Berhanu M 2023 [15] ASA grade 2l 93%  <0.001 - - 4.32(0.63-29.72) 0.14
Bang YJ 2023 [14], Berhanu M 2023 [15]  Surgery duration over 120 minutes 46% 0.18 1.43 (1.22-1.69) <0.001 - -
Aust H 2012 [7], Haller K 2023 [16] Opioid analgesic 0% 0.35 1.51 (1.31-1.74) <0.001 - -

ASA: American Society of Anesthesiologists; PACU: postanesthesia care unit.
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is associated with a decline
in physiological function, re-
duced surgical tolerance, and
increased risk of cerebral
hypoxia, all of which heighten
the risk of hypoxemia. Conse-
quently, clinicians should con-
sider extending recovery and
extubation times for elderly
patients while closely monitor-
ing their respiratory function,
assessing acid-base balance,
ensuring regular clearance of
tracheal secretions, and con-
ducting real-time monitoring of
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Figure 6. Funnel plot.

Publication bias

A funnel plot illustrating the correlation bet-
ween preoperative oxygen saturation and post-
operative hypoxemia in the PACU is presented
in Figure 6. Although all studies fell within the
95% CI, notable asymmetry suggests possible
publication bias.

Discussion

Low oxygen saturation in the PACU is a critical
respiratory adverse event. Its pathogenesis
may be linked to inadequate ventilation, airway
obstruction, ventilation/perfusion mismatch,
increased alveolar-arterial oxygen gradient, im-
paired oxygen diffusion, elevated pulmonary
shunt, and decreased cardiac output [17, 18].
This meta-analysis aims to identify the risk fac-
tors for hypoxemia in the PACU and propose
corresponding preventive measures. The find-
ings are as follows.

This meta-analysis identified advanced age as
an independent risk factor for postoperative
hypoxemia in PACU patients. Previous studies
[19] have shown that aging contributes to small
vessel disease, resulting in decreased vascular
reactivity and inadequate perfusion, ultimately
leading to hypoxemia. Another study [20] sug-
gested that with increasing age, imbalances
in the renin-angiotensin system exacerbate
inflammation and lung injury, reducing lung
elasticity, increasing alveolar collapse, and ulti-
mately causing hypoxemia. In summary, aging
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+ exhaled carbon dioxide to fa-
cilitate early intervention and
reduce the risk of respiratory
depression.

An elevated BMI is also an independent risk
factor for postoperative hypoxemia in PACU
patients. A study [21] reported that the inci-
dence of perioperative hypoxemia is 16% in
patients with a normal BMI, compared to 28%
and 35% in patients with a BMI >30 kg/m? and
>40 kg/m?, respectively. Obesity is character-
ized by chronic inflammation, leading to the
release and dysregulation of fatty acids, which
destabilizes pulmonary vasculature and alters
the expression of endothelial adhesion mole-
cules, thereby increasing the susceptibility to
acute lung injury [22]. As such, patients with
elevated BMI should receive individualized
guidance on appropriate dietary practices and
weight management strategies tailored to th-
eir specific needs. Preoperative assessments
should include evaluations of oral tolerance
and surgical risk, followed by enhanced postop-
erative monitoring of vital signs and early initia-
tion of nasal cannula oxygen therapy.

A lower preoperative oxygen saturation level is
an independent risk factor for postoperative
hypoxemia in PACU patients. Decreased oxygen
saturation may result from insufficient oxygen
supply or impaired oxygen delivery due to fac-
tors such as inadequate ventilation, respira-
tory failure, circulatory disorders, anemia, or
impaired gas exchange in the lungs. These con-
ditions can adversely affect oxygen supply and
transport. The patient’s preoperative health
status is closely associated with the risk of
postoperative hypoxemia. A low preoperative
oxygen saturation level indicates that the

Am J Transl Res 2024;16(10):5787-5796
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patient may already have one or more of these
issues before surgery, increasing the likelihood
of deterioration postoperatively and leading to
hypoxemia [23, 24]. Therefore, for patients with
reduced preoperative oxygen saturation, com-
prehensive assessment of the respiratory sys-
tem should be conducted, and respiratory and
circulatory measurements should be closely
monitored. An individualized preoperative prep-
aration plan, including oxygen therapy, respira-
tory management, and preoperative breathing
exercises, should be developed to optimize oxy-
genation and reduce the risk of hypoxemia.

Smoking is another independent risk factor
for postoperative hypoxemia in PACU patients.
Long-term smoking results in the accumulation
of tar, nicotine, and other substances in lung
tissue, impairing mucus clearance and increas-
ing pulmonary vascular resistance. Smoking
also damages the bronchi and alveoli, causing
necrosis and shedding of epithelial cells, which
reduces lung clearance capacity and increases
sputum production and viscosity, thereby ele-
vating the risk of hypoxemia [25, 26]. It is cru-
cial to emphasize the harmful effects of smok-
ing before surgery and provide smoking ce-
ssation counseling. Effective coughing tech-
niques should be encouraged; if the patient’s
coughing ability is inadequate, techniques such
as suctioning and chest percussion can be
used to facilitate secretion clearance. Addi-
tionally, appropriate pulmonary protective mea-
sures should be implemented.

Surgery duration exceeding 120 minutes and
the administration of opioid analgesics have
also been identified as independent risk fac-
tors for postoperative hypoxemia in PACU pa-
tients. Prolonged surgical procedures can in-
crease mechanical ventilation time, possibly
causing mucosal ulceration, organ necrosis,
and a higher risk of pulmonary infection, ulti-
mately leading to hypoxemia [27]. Opioids,
although highly effective for pain management
during the perioperative period, have adverse
effects such as respiratory depression. A study
[28] demonstrated that excessive intraopera-
tive opioid use is associated with a higher inci-
dence of postoperative hypoxemia. Therefore,
a comprehensive preoperative assessment
should be conducted for each patient, followed
by the development of a surgical plan aimed
at preventing hypoxemia associated with pro-
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longed surgery. Close monitoring of sedation
levels and ventilation is essential, and strate-
gies such as preoperative preventive analgesia,
intraoperative protective measures, optimized
anesthesia, and early postoperative pain man-
agement should be implemented. Nonsteroidal
anti-inflammatory drugs, local wound infiltra-
tion, and nerve blocks may be used to minimize
the adverse effects of inadequate analgesia.

This meta-analysis was limited by the small
number of included studies, which were pre-
dominantly cohort and case-control studies.
Limitations in study design, research subjects,
and data extraction may have introduced selec-
tion bias. Some risk factors were evaluated in
only a few studies, potentially leading to biased
results. The heterogeneity among some includ-
ed studies and the variation in sample sizes
could affect the accuracy of the findings. The
inconsistencies in the identified risk factors
prevented a comprehensive analysis. There-
fore, high-quality, large-sample randomized
controlled trials are needed to further validate
these findings.

In summary, advanced age, elevated body
mass index, low preoperative oxygen satura-
tion, smoking status, surgery duration over 120
minutes, and opioid analgesic use are all asso-
ciated with an increased risk of postoperative
hypoxemia in the PACU. It is essential to con-
duct thorough risk assessments and imple-
ment preventive measures for any high-risk
patients.
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