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Abstract: Objective: To identify risk factors for hypoxemia in anesthetized children, offering a basis for targeted 
clinical prevention to reduce its occurrence. Methods: A retrospective analysis was conducted on the clinical data 
from 342 children who underwent anesthesia in the Department of Anesthesiology, Pu’er People’s Hospital, from 
January 2024 to June 2025. Based on the occurrence of hypoxemia, the patients were divided into a hypoxemia 
group (n=19) and a non-hypoxemia group (n=323). General clinical data, preoperative blood routine, surgery-relat-
ed conditions, inflammatory indices, and operating room environmental factors were compared between the two 
groups. Logistic regression analysis was used to identify independent risk factors for hypoxemia during pediatric 
anesthesia. Scatter plots were drawn to illustrate correlations between each independent risk factor and hypoxemia 
occurrence. Receiver Operating Characteristic (ROC) curves, calibration curves, and Decision Curve Analysis (DCA) 
were applied to evaluate the predictive performance. Results: Multivariate logistic regression identified C-reactive 
Protein (CRP; OR=1.011, 95% CI=1.004-1.018) and anesthesia duration (OR=1.029, 95% CI=1.017-1.042) as in-
dependent risk factors for hypoxemia during pediatric anesthesia. ROC analysis showed that CRP (AUC=0.799) and 
anesthesia duration (AUC=0.849) had good predictive performance for hypoxemia occurrence during pediatric an-
esthesia. The calibration and DCA demonstrated satisfactory model performance. Conclusion: Elevated CRP levels 
and prolonged anesthesia duration are independent risk factors for hypoxemia in children undergoing anesthesia.
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Introduction

Pediatric patients are at a high risk of deve- 
loping complications during general anesthe-
sia, among which hypoxemia is among the  
most common [1]. Hypoxemia is defined as a 
decrease in arterial oxygen levels below the 
normal range, typically reflected by marked 
reductions in blood oxygen saturation and par-
tial pressure of oxygen, and it also represents  
a major clinical manifestation of respiratory 
failure [2]. The occurrence of hypoxemia dur- 
ing pediatric anesthesia not only hinders the 
smooth progression of surgery but also impairs 
postoperative respiratory and circulatory recov-
ery. Consequently, it leads to prolonged intuba-
tion duration and hospital stay, increases me- 
dical costs and resource use, and may even 
elevate postoperative mortality rates [3].

According to previous studies, the incidence of 
hypoxemia during anesthesia is approximately 
31.31% (ranging from 0.32% to 55% across 
studies) [4]. Factors such as inadequate intra-
operative oxygen supplementation, improper 
intraoperative fluid management, surgical type, 
and preexisting comorbidities can all adversely 
affect oxygen delivery during anesthesia, result-
ing in intraoperative hypoxia and subsequent 
hypoxemia [5]. Compared to adults, children 
are more susceptible to hypoxemia due to 
immature pulmonary development and lower 
oxygen reserves [6]. Despite advances in anes-
thetic techniques and monitoring, perioperative 
adverse events in pediatric anesthesia remain 
frequent [7].

Preoperative risk assessment of hypoxemia is 
crucial for early identification of high-risk pedi-
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atric patients and the implementation of in- 
tervention measures. Previous studies have 
mostly examined specific populations or surgi-
cal categories. For example, Gu et al. [8] re- 
ported that among adult patients with acute 
cerebral infarction undergoing endovascular 
interventional, those with a body mass index 
(BMI) ≥24 kg/m3 were more prone to develop-
ing hypoxemia due to poor pulmonary compli-
ance. Similarly, Sun et al. [9] demonstrated that 
among pediatric patients with congenital heart 
disease undergoing corrective surgery with car-
diopulmonary bypass, younger age, preopera-
tive right-to-left intracardiac shunt, and intraop-
erative pleural cavity entry were associated 
with an increased risk of hypoxemia. However, 
these studies predominantly focused on spe-
cific populations or particular surgical types, li- 
miting the generalizability of their conclusions 
to routine pediatric anesthesia.

Therefore, the present study retrospectively 
analyzed clinical data from children undergo- 
ing anesthesia and surgery at Pu’er People’s 
Hospital to identify independent risk factors 
associated with hypoxemia during pediatric 
anesthesia. Our study aims to enhance periop-
erative safety and provide a reference for early 
intervention for patients at risk.

Materials and methods

Sample estimation

This was a single-center, retrospective cohort 
study. The sample size was calculated using 
the formula: N=(α×5)/b, where α represents 
the number of independent variables and b the 
expected incidence of hypoxemia. A total of 22 
independent variables were planned (α=22). 
Based on hospital records indicating an inci-
dence of hypoxemia of 34.49% (349 out of 1, 
012 cases, b=0.3449), the estimated sample 
size was approximately 319. Considering a 10% 
attrition rate, the minimum required sample 
size was 351.

Patient selection

Diagnostic criteria: According to the Noninva- 
sive Respiratory Support in the Hypoxaemic 
Peri-operative/Periprocedural Patient: A Joint 
ESA/ESICM Guideline [10], hypoxemia during 
anesthesia is diagnosed when the peripheral 
oxygen saturation (SpO2) falls below 90% or the 

oxygenation index (Partial Pressure of Oxygen 
in Arterial Blood/Fraction of inspiration O2, 
PaO2/FiO2) is ≤40 kPa (300 mmHg; 1 mmHg 
=0.133 kPa).

Inclusion criteria: (1) Children aged ≤14 years; 
(2) Children who underwent surgery under gen-
eral anesthesia; (3) Patients transferred to the 
post-anesthesia care unit (PACU) after sur- 
gery; (4) Patients with an American Society of 
Anesthesiologists (ASA) physical status classi- 
fication of I-III (ASA I: healthy; ASA II: mild sys-
temic disease; ASA III: severe systemic dis-
ease); (5) Complete anesthesia and surgical 
records available. Exclusion criteria: (1) Coa- 
gulation dysfunction; (2) Preexisting respiratory 
conditions, including bronchial foreign bodies, 
bronchopulmonary dysplasia, or airway malfor-
mations; (3) Autoimmune diseases, tumors, or 
immunodeficiency disorders; (4) Severe cardi-
ac, hepatic, or renal dysfunction; (5) Pallia- 
tive surgical procedures; (6) Incomplete clinical 
data.

A total of 353 children who met the inclu- 
sion criteria and underwent anesthesia in the 
Department of Anesthesiology at Pu’er People’s 
Hospital between January 2024 and June 2025 
were initially screened. According to exclusions 
criteria, 2 patients were excluded due to severe 
cardiac, hepatic, or renal diseases, 1 patient 
due to abnormal pulmonary function, and 8 
patients due to incomplete medical records. 
Ultimately, 342 valid cases were included (19 
children developed hypoxemia, and 323 did 
not), meeting the minimum sample size require-
ment. This study was approved by the Ethics 
Committee of Pu’er People’s Hospital (Approval 
No.: 2025-016-Thesis-01). Since this study 
only collected anonymized clinical data of pedi-
atric patients and posed no impact on the 
health and rights of the pediatric patients, writ-
ten informed consent was waived.

Anesthesia

All anesthesia procedures were performed by 
the same anesthesiology team. All children 
underwent routine preoperative fasting and 
water deprivation, followed by either non-intu-
bated or endotracheal intubation general an- 
esthesia. Atropine (0.01 mg/kg) was adminis-
tered 30 minutes before surgery. An intraven- 
ous line was established 20 minutes before 
anesthesia induction, and active warming was 



Risk factors for hypoxemia during pediatric anesthesia

8635	 Am J Transl Res 2025;17(11):8633-8642

initiated to maintain an operating room tem-
perature of approximately 22°C. Anesthesia 
induction was achieved using midazolam (0.1 
mg/kg), sufentanil (1 μg/kg), atracurium (0.3 
mg/kg), and propofol (2 mg/kg). Anesthesia 
was maintained using sufentanil (1 μg/kg), 
atracurium (0.3 mg/kg), and propofol (initial 
dose: 12 mg/kg, adjusted every 20 minutes to 
12, 10, or 8 mg/kg).

Observation indicators

Hypoxemia determination: During anesthesia, 
hypoxemia was diagnosed if SpO2 fell below 
90% on more than one occasion for ≥15 sec-
onds (excluding episodes due to probe detach-
ment, motion artifacts, or technical failures). 
The diagnosis was further confirmed by an oxy-
genation index ≤300 mmHg or abnormal arte-
rial blood gas results.

Data collection: Potential factors associated 
with hypoxemia were identified through litera-
ture review and expert consultation. Corres- 
ponding clinical data were retrieved from the 
hospital’s electronic medical record system. 
Cases were rigorously screened based on pre-
defined inclusion and exclusion criteria to en- 
sure study eligibility. All collected data were 
organized using Microsoft Excel and verified 
through double-check to ensure accuracy and 
completeness. Records containing missing val-
ues, outliers, or inconsistent data identified 
during quality control were subsequently ex- 
cluded from the final analysis to maintain data 
integrity.

Data variables: The collected data included: (1) 
General information: sex, age, weight, BMI, 
height, and blood type; (2) Preoperative blood 
tests: serum creatinine (Scr), white blood cell 
count (WBC), neutrophil percentage (NEUT), 
C-reactive protein (CRP), red blood cell count 
(RBC), hemoglobin concentration (Hb), and pro-
thrombin time (PT); (3) Surgical details: dura-
tion of surgery and anesthesia, anesthesia 
type, and surgical site; (4) Inflammatory mark-
ers: interleukin-2 (IL-2), IL-6, IL-10, and tumor 
necrosis factor-α (TNF-α); (5) Operating room 
environment: cleanliness class.

Statistical analysis

Data normality was assessed using the 
Shapiro-Wilk test. Normally distributed continu-

ous variables were expressed as mean ± stan-
dard deviation (

_
x±s) and compared using in- 

dependent samples t-tests. Non-normally dis-
tributed variables were presented as median 
(interquartile range) [M (Q25, Q75)] and analyzed 
using the Mann-Whitney U test. Categorical 
data were reported as frequencies (percentag-
es) [n (%)] and tested using the chi-square test 
(χ2 test).

To identify factors associated with hypoxemia 
during anesthesia, univariate and multivariate 
logistic regression analyses were performed. 
Correlations between independent risk factors 
and hypoxemia incidence were evaluated using 
Spearman’s rank correlation, and significant 
associations were visualized with scatter plots.
Significance was set at p<0.05.

Model discrimination was assessed through 
the receiver operating characteristic (ROC) cur- 
ve, where a higher area under the curve (AUC) 
indicated superior discrimination. Internal vali-
dation of the prediction model was conducted 
using calibration curves (generated via the 
“rms” package in RStudio version 4.3.3) and 
decision curve analysis (DCA; implemented 
using the “rmda” package).

Results

Comparison of general information between 
the two groups 

Preoperative general information of the two 
groups is summarized in Table 1. No significant 
differences were found in sex, age, weight, BMI, 
height, or blood type between the hypoxemia 
and non-hypoxemia groups (P>0.05).

Comparisons of preoperative hematological 
indices between the two groups

As shown in Table 2, the hypoxemia group 
exhibited significantly higher levels of WBC, 
NEUT, CRP, and PT, and significantly lower Hb 
levels compared to the non-hypoxemia group 
(P<0.05). No significant differences were ob- 
served in SCr or RBC levels between the groups 
(P>0.05).

Comparisons of intraoperative variables be-
tween the two groups

As shown in Table 3, the hypoxemia group had 
significantly longer surgical and anesthesia 
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Table 1. Comparison of general information between two groups of patients
Variable Hypoxemia group (n=19) Non-Hypoxemia group (n=323) Z/χ2 P
Gender (n, %) 3.564 0.059
    Male 15 (78.95) 184 (56.97)
    Female 4 (21.05) 139 (43.03)
Age distribution (n, %) 0.288 0.741
    <1 month 1 (5.26) 11 (3.41)
    1-12 months 2 (10.53) 28 (8.67)
    1-3 years 3 (15.79) 50 (15.48)
    3-14 years 13 (68.42) 234 (72.44)
Weight [kg, M (Q25, Q75)] 18.50 (13.50, 21.75) 20.00 (13.15, 26.60) -0.935 0.353
BMI [kg/m2, M (Q25, Q75)] 15.99 (14.34, 17.65) 15.40 (14.11, 17.13) -0.298 0.768
Height [cm, M (Q25, Q75)] 109.00 (87.50, 123.50) 114.00 (96.00, 130.00) -0.894 0.374
Blood type (n, %) 1.308 0.735
    Type A 4 (21.05) 101 (31.27)
    Type B 7 (36.84) 86 (26.63)
    Type O 6 (31.58) 104 (32.20)
    Type AB 2 (10.53) 32 (9.91)
Note: BMI: Body Mass Index.

Table 2. Comparison of preoperative blood routine indicators between the two groups of patients [M 
(Q25, Q75)]
Variable Hypoxemia group (n=19) Non-Hypoxemia group (n=323) Z P
SCr (μmol/L) 38.00 (34.00, 49.00) 39.00 (31.00, 49.00) -0.568 0.573
WBC (×109/L) 14.66 (9.48, 17.59) 8.23 (6.43, 11.50) -3.062 0.002
NEUT (%) 74.80 (65.75, 81.10) 55.10 (43.45, 67.00) -4.163 0.000
CRP (mg/L) 33.79 (20.56, 128.02) 5.50 (5.00, 16.85) -4.484 0.000
RBC (×109/L) 4.47 (4.04, 4.90) 4.60 (4.31, 4.94) -0.947 0.347
Hb (g/L) 119.00 (103.50, 127.50) 127.00 (118.00, 135.00) -2.397 0.016
PT (s) 13.20 (12.60, 13.70) 12.50 (11.85, 13.20) -2.487 0.012
Note: SCr: serum creatinine; WBC: white blood cell count; NEUT: neutrophil percentage; CRP: C-reactive protein; RBC: red blood 
cell count; Hb: hemoglobin concentration; PT: prothrombin time.

Table 3. Comparison of surgery-related parameters between the two groups of patients

Variable Hypoxemia group
(n=19)

Non-Hypoxemia group
(n=323) Z/χ2 P

Duration of surgery [min, M (Q25, Q75)] 70.00 (43.00, 96.50) 20.00 (15.00, 29.00) -5.233 0.000
Duration of anesthesia [min, M (Q25, Q75)] 90.00 (50.00, 110.00) 30.00 (25.00, 40.00) -5.192 0.000
Type of anesthesia (n, %) 24.047 0.000
    Non-intubated general anesthesia 9 (47.37) 284 (87.93)
    Endotracheal intubated general anesthesia 10 (52.63) 39 (12.07)
Surgical site (n, %) 6.256 0.199
    Thoracic and abdominal regions 17 (89.47) 310 (95.98)
    Perineal region 0 (0.00) 2 (0.62)
    Cervical region 0 (0.00) 2 (0.62)
    Upper limbs 1 (5.26) 3 (0.93)
    Craniofacial region 1 (5.26) 3 (0.93)
    Lower limbs 0 (0.00) 3 (0.93)
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durations and a higher proportion of endotra-
cheal general anesthesia compared with the 
non-hypoxemia group (P<0.05). No significant 
difference in surgical site distribution was ob- 
served between the groups (P>0.05).

Comparisons of serum inflammatory marker 
levels between the two groups

Serum inflammatory marker levels in the two 
groups are presented in Table 4. The hypox-
emia group demonstrated significantly higher 
IL-6 and IL-10 levels compared to the non-
hypoxemia group (P<0.05). No significant dif-
ferences were observed in IL-2 or TNF-α levels 
between the groups (P>0.05).

Comparisons of operating room environmental 
cleanliness class between the two groups

Operating room environmental cleanliness lev-
els of the two groups are detailed in Table 5. 
The hypoxemia group had a significantly higher 
proportion of cases conducted in rooms meet-
ing Class 100 cleanliness standards (particle 
size ≥0.5 μm) compared with the non-hypox-
emia group (P<0.05).

Univariate logistic regression analysis of hypox-
emia in children during anesthesia

The findings of the univariate logistic regres-
sion analysis are summarized in Table 6. 
Univariate logistic regression was performed 
with hypoxemia occurrence as the dependent 
variable (0= no hypoxemia, 1= hypoxemia), and 
all potential predictors as independent vari-

ables. Univariate analysis revealed that WBC 
(OR=1.079, 95% CI: 1.016-1.146), NEUT (OR= 
1.071, 95% CI: 1.035-1.108), CRP (OR=1.015, 
95% CI: 1.007-1.022), Hb (OR=0.965, 95% CI: 
0.938-0.993), PT (OR=1.322, 95% CI: 1.011-
1.728), duration of surgery (OR=1.035, 95% CI: 
1.022-1.048), anesthesia duration (OR=1.033, 
95% CI: 1.021-1.046), type of anesthesia (OR= 
8.091, 95% CI: 3.096-21.147), IL-2 (OR=1.355, 
95% CI: 1.059-1.734), IL-10 (OR=1.009, 95% 
CI: 1.001-1.017), and operating room cleanli-
ness (OR=5.002, 95% CI: 1.900-13.167) were 
significantly associated with pediatric hypox-
emia during anesthesia (P<0.05).

Multivariate logistic regression analysis of 
hypoxemia in children during anesthesia

The results of the multivariate logistic regres-
sion analysis are presented in Table 7. Varia- 
bles with statistical significance in the univari-
ate analysis (WBC, NEUT, CRP, Hb, PT, surgery 
duration, anesthesia duration, anesthesia type, 
IL-2, IL-10, and operating room cleanliness) 
were included in the multivariate model. The 
analysis identified CRP and anesthesia dura-
tion as independent risk factors for pediatric 
hypoxemia in children undergoing anesthesia 
(P<0.05). As shown in Figure 1, forest plot visu-
alization indicated that both CRP and anesthe-
sia duration were positively associated with 
hypoxemia risk, with 95% CIs not crossing un- 
ity (P<0.05). Conversely, IL-10 demonstrated no 
significant association with pediatric hypox-
emia, as its 95% CI included unity (P>0.05).

Table 4. Comparison of blood inflammatory marker levels between the two groups of patients [M (Q25, 
Q75)]
Variable Hypoxemia group (n=19) Non-Hypoxemia group (n=323) Z P
IL-2 (ng/L) 3.15 (1.66, 6.21) 2.62 (1.46, 3.73) -1.485 0.139
IL-6 (ng/L) 67.29 (44.51, 759.24) 23.81 (10.74, 53.23) -4.489 <0.0001
IL-10 (ng/L) 19.49 (10.14, 28.87) 12.25 (7.21, 18.27) -2.207 0.027
TNF-α (μg/L) 1.99 (1.30, 3.67) 2.21 (1.06, 3.53) -0.127 0.901
Note: IL-2: interleukin-2; IL-6: interleukin-6; IL-10: interleukin-10; TNF-α: tumor necrosis factor-α.

Table 5. Comparison of operating room cleanliness class between the two groups of patients (n, %)
Variable Hypoxemia group (n=19) Non-Hypoxemia group (n=323) χ2 P
Operating room cleanliness class 12.646 0.002
    ≥0.5 μM (Class 10 000) 11 (57.89) 282 (87.31)
    ≥0.5 μM (Class 100) 8 (42.11) 41 (12.69)
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Table 6. Univariate logistic regression analysis of hypoxemia during anesthesia in pediatric patients
Variable B S.E. Wald χ2 P OR 95% CI
Sex 1.041 0.574 3.293 0.07 2.833 0.920-8.723
Age distribution <1 month 0.285 0.963

1-12 months -0.241 1.275 0.036 0.850 0.786 0.065-9.569
1-3 years -0.416 1.202 0.120 0.730 0.660 0.063-6.958
3-14 years -0.492 1.083 0.207 0.649 0.611 0.073-5.101

Weight (kg) -0.024 0.023 1.133 0.287 0.976 0.934-1.021
BMI (kg/m2) 0.007 0.076 0.008 0.930 1.007 0.867-1.169
Height (cm) -0.008 0.008 0.845 0.358 0.992 0.977-1.009
Blood type Type A 1.275 0.735

Type B 0.720 0.644 1.252 0.263 2.055 0.582-7.258
Type O 0.376 0.660 0.324 0.569 1.457 0.399-5.316
Type AB 0.456 0.889 0.263 0.608 1.578 0.276-9.021

SCr (μmol/L) 0.001 0.005 0.018 0.893 1.001 0.991-1.011
WBC (×109/L) 0.076 0.031 6.182 0.013 1.079 1.016-1.146
NEUT (%) 0.068 0.017 15.541 0.000 1.071 1.035-1.108
CRP (mg/L) 0.015 0.004 15.031 0.000 1.015 1.007-1.022
RBC (×109/L) -0.603 0.414 2.122 0.145 0.547 0.243-1.232
Hb (g/L) -0.035 0.015 5.889 0.015 0.965 0.938-0.993
PT (s) 0.279 0.137 4.163 0.041 1.322 1.011-1.728
Duration of surgery (min) 0.034 0.006 27.921 0.000 1.035 1.022-1.048
Duration of anesthesia (min) 0.033 0.006 28.575 0.000 1.033 1.021-1.046
Type of anesthesia 2.091 0.490 18.193 0.000 8.091 3.096-21.147
Surgical site Thoracic and abdominal regions 4.470 0.484

Perineal region -18.300 28420.722 0.000 0.999 0.000 0.000
Cervical region -18.300 28420.722 0.000 0.999 0.000 0.000
Upper limbs 1.805 1.181 2.334 0.127 6.078 0.600-61.558
Craniofacial region 1.805 1.181 2.334 0.127 6.078 0.600-61.558
Lower limbs -18.300 23205.422 0.000 0.999 0.000 0.000

IL-2 (ng/mL) 0.304 0.126 5.816 0.016 1.355 1.059-1.734
IL-6 (ng/mL) 0.000 0.000 6.842 0.009 1.000 1.000-1.001
IL-10 (ng/mL) 0.009 0.004 4.940 0.026 1.009 1.001-1.017
TNF-α (μg/mL) 0.080 0.126 0.408 0.523 1.084 0.847-1.386
Operating room cleanliness class 1.610 0.494 10.629 0.001 5.002 1.900-13.167
Note: SCr: serum creatinine; WBC: white blood cell count; NEUT: neutrophil percentage; CRP: C-reactive protein; RBC: red blood cell count; Hb: hemoglobin concentration; PT: pro-
thrombin time; IL-2: interleukin-2; IL-6: interleukin-6; IL-10: interleukin-10; TNF-α: tumor necrosis factor-α.
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Table 7. Multivariate logistic regression analysis of hypoxemia during anesthesia in pediatric patients
Variable B S.E Wald χ2 P OR 95% CI
CRP (mg/L) 0.011 0.004 9.768 0.002 1.011 1.004-1.018
Duration of anesthesia (min) 0.029 0.006 21.247 0.000 1.029 1.017-1.042
IL-10 (ng/mL) 0.007 0.004 3.339 0.068 1.007 1.000-1.014
Note: CRP: C-reactive protein; IL-10: interleukin-10.

Figure 1. Forest plot of risk factors for hypoxemia in pediatric anesthesia. 
Note: CRP: C-reactive protein.

Figure 2. Correlation between independent risk factors and hypoxemia risk. 
A. Scatter plot of the correlation between CRP and hypoxemia risk; B. Scat-
ter plot of the correlation between anesthesia duration and hypoxemia risk.

Correlation between independent risk factors 
and hypoxemia occurrence

Figure 2 shows scatter plots depicting the cor-
relation between CRP, anesthesia duration, 
and the hypoxemia incidence. A strong posi- 
tive correlation was observed between CRP  
levels and hypoxemia risk (r=0.9372, P<0.001, 
Figure 2A) and between anesthesia duration 
and hypoxemia risk (r=0.9912, P<0.001, Figure 
2B). These findings indicate that CRP and an- 
esthesia duration were strongly positively cor-
related with the occurrence of hypoxemia in 
pediatric patients undergoing anesthesia.

Validation of the prediction 
model for hypoxemia during 
anesthesia in children

The predictive performance of 
the hypoxemia risk model is 
presented in Figure 3. A pre- 
dictive model was developed 
using independent predictors 
identified in multivariate lo- 
gistic regression analysis. The 
ROC analysis demonstrated an 
AUC of 0.914 for the com- 
bined predictive ability of CRP 
and anesthesia duration (Fi- 
gure 3A). The calibration cur- 
ve showed good agreement 
between predicted and obser- 
ved hypoxemia probabilities, 
with a Brier score of 0.042 
(Figure 3B). DCA demonstrat- 
ed a favorable net benefit ac- 
ross threshold probabilities of 
0.05-0.65, outperforming bo- 
th “treat none” and “treat all” 
strategies (Figure 3C).

Discussion

Hypoxemia represents one of 
the common adverse events 
during pediatric anesthesia, 

and its epidemiologic characteristics and path-
ological mechanisms have attracted consider-
able attention in the field of pediatric anesthe-
sia [11]. Previous studies have indicated that 
the mortality rate within 48 hours after hypox-
emia onset in children can reach 3.8% [12]. 
During anesthesia, the combined effects of 
surgical stress, anesthetic agents, and the uni- 
que physiologic characteristics of children, al- 
ong with the involvement of inflammatory fac-
tors, may elevate the risk of hypoxemia [13, 
14]. The present study identified CRP levels 
and anesthesia duration as independent risk 
factors for hypoxemia in children during anes-
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thesia. This underscores the importance of 
monitoring preoperative inflammatory status 
and carefully controlling anesthesia duration in 
clinical practice to mitigate the incidence of 
hypoxemia and enhance perioperative safety in 
pediatric patients.

As a pivotal acute-phase reactant protein, CRP 
levels increase rapidly in response to infection, 
inflammation, trauma, or surgical stimuli [15]. 
The findings of this study identified CRP as an 
independent risk factor for hypoxemia in chil-
dren during anesthesia, suggesting it may con-
tribute to the occurrence of hypoxemia through 
two primary mechanisms. First, CRP can direct-
ly bind to vascular endothelial cell receptors, 
thereby downregulating the expression and bio-
logical activity of endothelial nitric oxide syn-
thase (eNOS), reducing the nitric oxide (NO)  
production, and promoting the release of vaso-
constrictors and adhesion molecules [16]. This 
cascade disrupts pulmonary vascular endothe-
lial barrier integrity and may lead to impaired 
oxygen exchange and subsequent hypoxemia 
[17]. Second, CRP serves as a well-recognized 
biomarker for systemic inflammation and car-
diovascular risk. Following surgical trauma, 
CRP recruits immune cells, including neutro-
phils and macrophages, to accumulate in the 
lungs [18-20]. The reactive oxygen species 
(ROS) and enzymes (e.g., matrix metalloprote- 
inases) released by these activated cells fur-
ther damage alveolar epithelial and capillary 
endothelial structures, reducing lung compli-
ance and facilitating the occurrence of hypox-
emia [21, 22].

In addition, prolonged anesthesia duration was 
also identified as an independent risk factor for 

hypoxemia, aligning with previous finding that 
an extended anesthesia duration is significant-
ly correlated with an elevated incidence of sur-
gical complications [23]. Extended exposure to 
anesthetic agents such as propofol and sufent-
anil can result in drug accumulation, suppress-
ing the medullary respiratory center and gra- 
dually reducing respiratory rate [24, 25]. Con- 
currently, the muscle relaxant effects of atracu-
rium may cause respiratory muscle relaxation, 
retention of airway secretions, and inadequate 
alveolar ventilation, further increasing hypox-
emia risk [26]. Scatter plots revealed strong 
positive correlations between both CRP levels 
and anesthesia duration with the occurrence of 
hypoxemia.

A predictive model incorporating CRP levels 
and anesthesia duration was constructed and 
evaluated using ROC curves, calibration cur- 
ves, and DCA. The model achieved an AUC 
value of 0.914, indicating excellent discrimina-
tion between pediatric patients who developed 
hypoxemia and those who did not. The cali- 
bration curve demonstrated close alignment 
between predicted and observed probabili- 
ties, confirming the model’s good calibration. 
Furthermore, DCA showed a clear net clinical 
benefit within threshold probabilities of 0.05-
0.65, outperforming both “treat-all” and “treat-
none” strategies.

Collectively, these results demonstrate that the 
predictive model based on CRP and anesthesia 
duration possesses high discrimination, cali-
bration, and clinical applicability. Therefore, 
monitoring preoperative CRP levels and opti-
mizing anesthesia duration may facilitate early 
identification and timely intervention for chil-

Figure 3. Predictive performance of the risk prediction model for hypoxemia during pediatric anesthesia. A. ROC 
(Receiver Operating Characteristic) curve; B. Calibration curve; C. DCA (Decision Curve Analysis).
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dren at high risk of developing hypoxemia dur-
ing anesthesia.

This study has several limitations. First, the 
data were retrospectively collected from a sin-
gle center, potentially leading to selection bias. 
Second, the limited sample size compromises 
the generalizability of the findings, warranting 
further validation through multi-center studies. 
Third, intraoperative blood concentrations of 
anesthetic agents were not dynamically moni-
tored, making it difficult to precisely assess the 
dose-effect relationship between drug accu- 
mulation and hypoxemia. In addition, potential 
confounding variables, such as preoperative 
pulmonary function and airway management 
during anesthesia, were not fully controlled, 
which may have influenced the mechanistic 
analysis. Future multi-center, prospective stud-
ies incorporating real-time drug concentration 
monitoring and multi-dimensional indicators 
are needed to refine the hypoxemia risk assess-
ment model.

Conclusion

CRP levels and anesthesia duration were iden-
tified as independent risk factors for hypoxe- 
mia in pediatric patients undergoing anesthe-
sia. The predictive model derived from these 
factors demonstrated excellent performance 
and may serve as a practical tool for early clini-
cal screening and intervention. These findings 
underscore the importance of monitoring CRP 
and optimizing anesthesia duration to reduce 
the risk of intraoperative hypoxemia, thereby 
offering a theoretical basis for improving peri-
operative management and safety in pediatric 
anesthesia.
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