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Background: Postoperative respiratory adverse events are impairments in the
normal functions of respiration resulting from the patient's condition,
anesthesia, and surgery. They may be associated with postoperative
complications such as cardiorespiratory arrest, extended hospital stays, and
increased morbidity and mortality. Hence, we aimed to assess the incidence
of postoperative respiratory adverse events and their predictors among
pediatric surgical patients at Hawassa University Comprehensive Specialized
Hospital (HUCSH) in 2024.

Methods: A prospective follow-up study was conducted using simple random
sampling of 205 pediatric patients (aged 0-15years). Data were collected
using a structured questionnaire and analyzed using SPSS, version 26.
Categorical data were analyzed using the chi-squared test and continuous
data were analyzed by independent sample t-test. Multivariable regression was
conducted to identify the independent predictors of postoperative respiratory
adverse events. Adjusted odds ratios (AORs) and 95% confidence intervals (Cls)
were used to measure the strength of association and statistical significance at
a p-value <0.05.

Results: The incidence of postoperative respiratory adverse events was 35.6%
among the 205 participants. Age younger than 1 month (AOR: 9.1, 95% CI:
1.3-12.5), age 1 month-2 years (AOR: 3.6, 95% Cl: 5.8-16.1), upper respiratory
tract infections (AOR: 3.2, 95% CI: 1.4-9.93), intraoperative opioid analgesics
(AOR: 2.53, 95% CI. 1.2-5.97), use of a cuffed endotracheal tube (AOR:
3.97, 95% Cl. 1.4-11.6), and spontaneous ventilation techniques (AOR: 8.53,
95% CI: 29-249) were independent predictors of postoperative
respiratory adverse events.
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Conclusion: The incidence of postoperative respiratory adverse events was high.
Age younger than 2 years, upper respiratory tract infections, intraoperative opioid
use, use of cuffed endotracheal tubes, and spontaneous ventilation techniques
were independent predictors of postoperative respiratory adverse events. Proper

preoperative optimization, avoiding cuffed endotracheal tubes
implementing multimodal analgesia,

<2 years),

(for infants
and the use of controlled

ventilation may reduce the incidence of postoperative respiratory adverse events.

KEYWORDS

adverse events, general anesthesia, incidence, pediatric surgery, postoperative respiratory
adverse events, respiratory complication

Introduction

Adverse events are defined as alterations in a patient’s health
condition that result in undesirable, unintentional signs or
symptoms, disease, or laboratory abnormalities following surgery,
anesthesia, or medications, and the occurrence is not due to a
related, exact underlying cause (1).

Postoperative respiratory adverse events (PRAEs) are the
most common postoperative complications encountered during
pediatric anesthesia, with a higher occurrence during recovery
from anesthesia or the postoperative period (2). The incidence of
children experiencing a dynamic occurrence of PRAEs ranges
from 2.8% to 41% (3-5). The incidence of PRAEs varies across
different types of surgical procedures and interventions, time,
and anesthetic techniques (6-8).

Age less than 1year, a higher American Society of
Anesthesiologists (ASA) class, duration of anesthesia, obesity,
upper respiratory tract infections, neuromuscular diseases, and
preoperative history of bronchial asthma were considered
predictors of PRAEs (6, 9, 10).

In addition, the urgency of surgery may be associated with
postoperative respiratory adverse events, which may be due to
increased aspiration risk, associated airway complications, and
other factors such as hemodynamic instability that may lead to
emergency surgery (7). Various intraoperative factors can
influence the occurrence of postoperative adverse respiratory
events following general anesthesia, including anesthetic
medications, modes of ventilation, and airway management
devices used (6).

Pediatric populations are highly susceptible to morbidity and
mortality following the occurrence of postoperative respiratory
due to their

immaturity compared to adults. Reduced functional residual

adverse events anatomical and physiological

capacity and lung compliance leading to inadequate breathing and

oxygenation during anesthesia, episodes of compromised

ventilation, and a high incidence of airway challenges encountered
in this population may result in a higher propensity for
postoperative respiratory adverse events such as hypoxemia (11, 12).

Abbreviations

ASA, American Society of Anesthesiologists; BMI, body mass index; HUCSH,
Hawassa University Comprehensive Specialized Hospital; ICU, intensive care
unit; PRAEs, postoperative respiratory adverse events.
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Inadequate diagnosis and management of postoperative
respiratory adverse events may result in hypoxia, reintubation,
cardiorespiratory arrest, hypoxic brain injury, intensive care
unit (ICU) admission for mechanical ventilation, extended
(10).

Furthermore, PRAEs may result in financial strain due to more

hospital stay, and increased medical expenses
outpatient care and re-hospitalizations prolonged, extended
hospital stay, psychological strain on the patient and family,
stress on the care providers caring for the child, and an
increase in morbidity and mortality (2).

Recently, the anesthetic management of pediatric patients has
significantly improved due to the presence of context-insensitive
anesthetic medications such as remifentanyl, invasive monitoring
devices such as arterial blood gas analysis, and capnography,
which aid in early detection and management and may reduce
the consequences and severity of respiratory adverse events.
Hence, failure to recognize it or delayed interventions may lead
to catastrophic cardiorespiratory arrest, anoxic brain injury,
mortality, brain death, cardiovascular complications, ICU
admission for mechanical ventilation, extended hospital stay,
and increased expenses. However, there is a lack of studies that
have been conducted on postoperative respiratory adverse
events in middle-to-low-income countries, which may result in
inadequate information regarding the incidence and predictors
of postoperative respiratory adverse events. Hence, it is crucial
to determine the incidence of PRAEs and identify their
predictors to make recommendations for early prevention,
diagnosis, and management, which may prevent the occurrence
or minimize the incidence of postoperative respiratory
adverse events. This may also lead to fair resource allocation,
including manpower, invasive monitoring, and ventilators for
vulnerable patients.

Furthermore, as far as a safe and smooth postoperative
course is concerned with maximizing patient safety, reducing
the incidence of PRAEs may decrease the morbidity and
mortality associated with PRAEs among pediatric patients
who have undergone surgery, and focusing on the
predictors of PRAEs may reduce the severity and improve
postoperative outcomes.

The objective of this study was to assess the incidence of
postoperative respiratory adverse events and their predictors in
surgical pediatric patients at Hawassa University Comprehensive

Specialized Hospital (HUCSH) in 2024.
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Method and materials
Study area and study period

This study was conducted at the Hawassa University Comprehensive
Specialized Hospital, which is located 275 km from Addis Ababa,
Ethiopia, between 1 January and 30 March 2024. It is one of the
universities in southern Ethiopia that provides services in different
specialties and teaches healthcare professionals in different sectors.
There are six major operation rooms, including an emergency
operation room, two cesarean section operation rooms, two orthopedic
rooms, and an ophthalmology operation room, in the hospital.

Study design

A prospective follow-up study was conducted to assess the
incidence and predictors of PRAEs at HUCSH.

Population

Source population
All pediatric patients who were operated on at Hawassa
University Comprehensive Specialized Hospital.

Study population
In total, 205 pediatric patients who underwent surgery under
Hawassa University Comprehensive

general anesthesia at

Specialized Hospital during the data collection period were enrolled.

Inclusion and exclusion criteria

Inclusion criteria
Pediatric patients who were operated on under general
anesthesia at HUCSH during data collection.

Exclusion criteria

o ASA class >IIL

« Pediatrics with acute respiratory distress.

+ Pediatrics with congenital anomalies (e.g, VACTREL
syndrome) and  neurological  anomalies, such  as
Chiari malformation.

o Pediatrics preoperatively on oxygen and who required
mechanical ventilation.

« Severe head injury.

« Major trauma (causing prolonged disability or death).

Operational definition

Airway obstruction: Symptoms of cough, stridor, retraction,
inspiratory (breathing in) sound, cyanosis, or a score >1 (13).

Anemia: A clinical scenario in which hemoglobin levels are
<11 mg/dl for children aged <1 month, <11 mg/dl for 1-4 years,
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11.5mg/dl for 5-11years, <12mg/dl for
<13 mg/dl for >15 years (14, 15).
Body mass index (BMI): Underweight if <2nd percentile for

12-14 years, and

age less than 1 month and <5th percentile for age >1 month,
normal between 2nd and 85th percentile for age <1 month and
between 5th and 85th percentile for age >1 month, overweight if
between 85th and 95th percentile for age >1 month and >85th
percentile for age <1 month, and obese if >95th percentile for
age >1 month (16, 17).

Breath-holding: Cessation of breathing for more than 15s
associated with a heart rate of <80 beats per min (18).

Coughing: Persistent coughing for 10 s.

Desaturation: Oxygen saturation <95% more than 30s as
measured by pulse-oximetry, regardless of oxygen administration
(19).

Laryngospasm: Partial or complete airway obstruction and
chest rigidity response to positive pressure ventilation after bag-
mask ventilation or succinylcholine (20).

Respiratory adverse event: Any episodes of desaturation,
partial or total airway obstruction, continuous coughing, breath-
holding, bronchospasm, or stridor (21, 22).

Respiratory depression: Respiratory rate <5 breaths/min with
oxygen saturation <85% for >3 min (23).

Pediatrics: Age classified as 0-15years old (24). The age
0-1 month,
2-12 years, and above 12 years (25, 26).

groups can be described as: 1 month-2 years,
Postoperative period: The time period immediately following
surgery or within 60 min of the end of surgery.
Postoperative stridor, high pitch: Barky cough or hoarseness

develops within the first few hours after extubation (27).

Sample size determination and sampling
techniques

Sample size determination

The sample size was calculated using single-population formulae
by taking the probability of postoperative respiratory adverse events
as 50%, as there were no previous studies conducted on
postoperative respiratory adverse events, z o/2=0.96, margin of
error (d) =0.05, and n=2> x p (- p)/dz. A sample size of 384 was
obtained using this formula. Using the finite population formula,
n=n/1+n/N =384/1+384/356 = 186, where n is the sample size,
and N is the number of pediatric patients operated under general
anesthesia from January to March 2023 at HUCSH, and adding a
10% non-response rate. Thus, the final sample size was 205.

Sampling techniques

All pediatric patients who met the inclusion criteria were
included in the study using simple random sampling.

Variables of the study

Dependent variable
Postoperative respiratory adverse events
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Independent variables

Sociodemographic factors, such as age, sex, weight, height, and
BML

Preoperative predictors included ASA class, anemia, personal
and family history of bronchial asthma, and preoperative upper
respiratory tract infections.

The
intraoperative medication use, type of procedure, intraoperative

intraoperative predictors included airway devices,

ventilation techniques, and estimated blood loss.

Data collection tools and techniques

Data were collected after orientation was given to data
collectors (two BSc nurse professionals who were not involved in
patient management and two BSc anesthesia professionals) and
one MSc anesthesia supervisor. Data were collected using a
structured questionnaire comprising sociodemographic data (age,
sex, weight, height, and body mass index) and preoperative
(ASA
infections, preoperative hemoglobin, preoperative hematocrit, and

predictors class, history of upper respiratory tract
self- and family history of bronchial asthma), which were
obtained from patient or family interviews and reviewing patient
charts and preoperative anesthesia record sheets, and recorded.
surgery,
induction drugs, maintenance agents (such as intravenous,
inhalational, and muscle relaxants), reversal agent administered,
analgesic agents used {opioids, caudal block, combined caudal
block and paracetamol, combined caudal block and opioids, and

Intraoperative  predictors, including duration of

other pain management techniques [transverse abdominis plane
(TAP) block, sciatic nerve block, and diclofenac]}, type of
procedure [ophthalmology surgery; general pediatric surgery; ear,
nose, and throat (ENT) surgery;
(orthopedic, plastic, reconstructive, maxillofacial, and vascular

neurosurgery; and others

TABLE 1 Postoperative respiratory adverse events assessment tool.

Different
components
of PRAEs

10.3389/fanes.2025.1550316

surgery)], techniques of ventilation (spontaneous ventilation and
controlled ventilation), airway devices used [including face mask,
laryngeal mask airway (LMA)], cuffed/uncuffed endotracheal
tube, tube size, laryngeal mask airway size, estimated blood loss,
and fluid type were obtained by reviewing the operation notes,
surgery/anesthesia record logbook, and intraoperative anesthesia
record chart.

Postoperative respiratory adverse events were recorded during the
follow-up time starting from the emergence from anesthesia to the
post-anesthesia care unit (PACU) and or neonatal intensive care
unit (NICU) stay over 60 min, ie., within the first 5 min following
waking after extubation, 10 min after extubation, immediately at
admission to PACU or NICU, 5 min after admission to PACU or
NICU, and then at 10, 15, 20, 30, 40, 50, and 60 min after
admission. Postoperative respiratory adverse events were assessed
using the scoring systems described in Table 1 as measured by
pulse-oximetry. Hence, a single episode (any episode >1 score) or
occurrence of any one of the respiratory adverse events, such as
laryngospasm, desaturation/hypoxemia, breath-
holding, continuous coughing, airway obstruction, and respiratory

stridor,  croup,
depression (13, 28), were considered as postoperative respiratory
adverse events for a given parameter (Table 1).

Data management, processing, and analysis

After the completeness of the questionnaire was checked
manually and coded, the data were entered into EpiData, version
4.6, and exported to SPSS Windows, version 26, for data
processing and analysis. The reliability of the data collection tools
was checked using Cronbach’s alpha (a=0.73), which indicated
that the data were reliable. Descriptive categorical data are
presented as frequencies and percentages, and normally distributed
continuous data are presented as means and standard deviations.

Severity score ( ,

2

Laryngospasm None Partial obstruction requiring Partial obstruction requiring continuous Complete obstruction requiring
positioning only positive pressure ventilation muscle relaxants
Breath-holding None >15s 15-30's >30's
Desaturation 95-100 90-94 80-89 <80
Respiratory depression No <5 breaths/min <5 breaths/min <3 breaths/min
Cough No 1-2 coughs 3-4 coughs Continuous coughing
Secretion No Minimal suctioning Moderate suctioning (one suctioning) More than one suctioning
Bronchospasm No Wheezing in the inspiratory Wheezing in the expiratory phase and Difficult to ventilate and responds to
phase inspiratory phase bronchodilators
Airway obstruction Cough None Hoarseness Barking cough
Stridor None Inspiratory Both inspiratory and expiratory
Retraction None Suprasternal Suprasternal and sub sternal and
intercostal
Cyanosis None <95% at room air <95 with 40% of oxygen
Inspiratory breath None Harsh with rhonchi Delayed
sound

0, no postoperative adverse events; 1, mild PRAEs; 2, moderate PRAEs; 3, severe PRAEs.

For airway obstruction, if a combination of all parameters is “0”, there is no PRAE. If a combination of all parameters is >1, it is taken as a PRAE.
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Kolmogorov-Smirnov and Shapiro-Wilk tests were used to check the
normality of the data distribution. Categorical data were analyzed using
the chi-squared test, and normally distributed continuous data were
analyzed using an independent sample t-test. Binary logistic
regression was used to identify the predictors of postoperative
respiratory adverse events. Bivariate logistic regression analysis was
conducted to select candidate variables for multivariable analysis and
to obtain crude associations. Variables with a p-value of <0.25 on the
bivariate logistic regression analysis, were simultaneously entered
into the multivariable logistic regression analysis using the backward
stepwise model-building techniques to determine the independent
predictors and adjusted association by controlling for confounders.
Model fitness was checked using the Hosmer and Lemeshow
goodness-of-fit test (p-value >0.05, showed that the model best fit
the variables), and multicollinearity was assessed using the variance
inflation factor and tolerance test. In the final model, adjusted odds
ratios (AORs) and 95% confidence intervals (CIs) were used to
measure the strength of the associations and statistical significance,
respectively, with a p-value of <0.05.

Ethical consideration

The ethics letter to conduct this study was obtained from
Hawassa University Institutional Review Board (Ref. no. IRB/
065/16). Written informed consent was obtained from each
participant’s parents/legal guardians, and the study was approved
by the ethics committee in accordance with the Declaration of
Helsinki. Names or any other personal identifiers of the study
participants were not included.

Results

Sociodemographic characteristics of the
study participants

A total of 205 pediatric patients were included in the study,
with a response rate of 202 (98.5%). More than half (60.5%) of
the study participants were male, with two-thirds (65.4%) of the
study participants aged between 2 and 12 years (Table 2).

10.3389/fanes.2025.1550316

Incidence of postoperative respiratory
adverse events among pediatric patients
operated on under general anesthesia at
HUCSH

The incidence of postoperative respiratory adverse events among
the pediatric patients operated on under general anesthesia at
HUCSH was 73 (35.6%) [95% CI (28.8-42.9)] (Figure 1).

Incidence of postoperative respiratory
adverse events during the follow-up time of
among pediatric patients operated on under
general anesthesia at HUCSH

The incidence of postoperative respiratory adverse events was
the highest (54.7%) within the first 5min of waking after
extubation, followed by 5 min after admission to the post-
anesthesia care unit (16%) (Figure 2).

Regarding the episodes of PRAEs that occurred during the follow-
up time, the most prevalent adverse events were oxygen desaturation
(72.5%), followed by airway obstruction (32.29%), secretion (25%),
and laryngospasm (15.6%) in the first 1-5min during the
emergence period. The incidence of desaturation, secretion airway
obstruction, and breath-holding was 42.86%, 28.6%, 16.5%, and
14.3% during admission time to the post-anesthesia care unit or
neonatal intensive care unit, respectively. After 1h in the post-
anesthesia unit or neonatal intensive care unit, only 2.7% of the
participants had experienced airway obstruction (Figure 3).

Preoperative predictors

The majority (83.4%) of the study participants were ASA I and
the rest (16.6%) were ASA II. More than three-fourths (80.5%) of
the study participants underwent elective procedures and one-fifth
(19.5%) of the study participants underwent emergency
procedures. Nearly one-third (30.5%) of study participants had a
family history of bronchial asthma. The preoperative mean
hemoglobin and hematocrit levels of the study participants were
12.5+ 1.6 and 35.2 +4.27, respectively (Table 3).

TABLE 2 Sociodemographic characteristics of pediatric patients operated on under general anesthesia at HUCSH, 2024 (n = 205).

Variable Category

Frequency (%)

Postoperative respiratory adverse events,
frequency (%)

Yes =73 (35.6%) No = 132 (64.4%)

Age 0-1 month 10 (4.8) 6 (60) 4 (40)
1-2 years 42 (20.5) 16 (38.1) 6 (61.9)
2-12 years 134 (65.4) 47 (35.1) 7 (64.9)
12-15 years 19 (9.3) 4 (21.1) 5 (78.9)

Gender Male 124 (60.5) 51 (41.1) 3 (58.9)
Female 81 (39.5) 22 (27.2) 9 (72.8)

BMI Underweight 40 (19.5) 17 (42.5) 3 (62.5)
Normal 112 (54.6) 30 (26.8) 2 (73.2)
Overweight 14 (6.8) 5(35.7) 9 (64.3)
Obesity 39 (19) 21 (53.8) 18 (46.2)
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Intraoperative predictors

As the distribution of the intraoperative predictors revealed, the
majority (86.3%) of the study participants underwent surgery
within 2 h. More than half (60.5%) of the study participants were
induced with propofol, while more than half (57.1%) of the
participants were maintained with isoflurane. Nearly three-
fourths (72.2%) of the study participants received muscle
relaxants with more than half (60.1%) receiving succinylcholine.

Postoperative respiratory adverse events

FIGURE 1

Incidence of postoperative respiratory adverse events among
pediatric patients operated on under general anesthesia at HUCSH,
2024.

10.3389/fanes.2025.1550316

Regarding the intraoperative analgesics used, nearly half (46.3%)
of the study participants were administered paracetamol, and
one-third (35.1%) were administered sole opioids (Table 4).

Ophthalmologic surgery was the predominant (35.6%) type of
surgical procedure conducted among pediatric patients, followed
by general surgery (33.2%), ENT surgery (20.5%), and
neurosurgery (6.8%). Nearly three-fourth (71.8%) of the study
participants were intubated with a cuffed endotracheal tube,
followed by laryngeal mask airways (33.7%); one thirds (32.1%)
of the study participants were experienced controlled ventilation.
The mean LMA size used was 2.07 £0.32 mm. Nearly half
(43.9%) of the study participants experienced an estimated
intraoperative blood loss of 100-150 ml (Table 4).

Predictors of postoperative respiratory
adverse events among pediatric patients
operated on under general anesthesia at
HUCSH

Bivariate logistic regression was conducted to select candidate

variables for multivariate logistic regression using crude
association. Hence, sex, age, American Society of Anesthesiologist
class, duration of surgery, muscle relaxant used for maintenance,
inhalational agents, upper respiratory tract infection, self- and
family history of bronchial asthma, intraoperative analgesics
administered, airway devices, ventilation techniques, types of
surgery, reversal agent used, and preoperative hemoglobin were
associated with postoperative respiratory adverse events (p <0.25)
(Table 5). These variables were simultaneously entered into a
multivariable regression analysis using backward stepwise model-

building techniques.

1008
BO% - 45,
60% A 84 g%
90- 7% o7 % 93 95.90% og #§c 98 95.00% 97.80%
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FIGURE 2
Incidence of postoperative respiratory adverse events during the follow-up time among pediatric patients operated on under general anesthesia at
HUCSH, 2024.
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Incidence of different components of postoperative respiratory adverse
events among pediatric patients operated at HUSCH
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FIGURE 3
Proportion of different components of postoperative respiratory adverse events during the follow-up time among pediatric patients operated on
under general anesthesia at HUCSH, 2024.

TABLE 3 Preoperative predictors of postoperative respiratory adverse events among pediatric patients operated on under general anesthesia at HUCSH,

2024 (n =205).

Variable Category

Frequency (%)

Postoperative respiratory adverse
events; frequency (%)

Yes = 73 (35.6) No =132 (64.4)

ASA class ASA 1 171 (83.4) 57 (33.3) 114 (66.7)
ASA I 34 (16.6) 16 (47.1) 18 (52.9)
Upper respiratory tract infections Yes 25 (12.2) 14 (44) 11 (56)
No 180 (87.8) 59 (32.8) 121 (67.2)
Self and family history of bronchial asthma Yes 39 (19) 23 (59) 16 (41)
No 166 (81 50 (30.5) 116 (69.9)
Procedure done Elective 165 (80.5) 55 (33.3) 110 (66.7)
Emergency 40 (19.5) 18 (45) 22 (55)
Preoperative hemoglobin (mg/dl) 125+1.6 123+15 126+ 1.6
Preoperative hematocrit (%) 352+4.27 34.7+45 35.6+4.2

Independent predictors of postoperative
respiratory adverse events among pediatric
patients operated on under general
anesthesia at HUCSH

Multivariable logistic used to identify
independent predictors of postoperative respiratory adverse
events. Hence, an age of less than 2 years, preoperative history of
upper
analgesics, use of cuffed endotracheal tubes, and spontaneous
predictors  of

regression was

respiratory tract infections, intraoperative opioid

ventilation  techniques independent

postoperative respiratory adverse events (p < 0.05) (Table 6).

were

Frontiers in Anesthesiology

The study participants who were younger than 1 month were
9.1 times (AOR: 9.1, 95% CI: 1.3-12.5) and those 1 month-
2 years were 3.6 times (AOR: 3.6, 95% CI: 5.8-16.1) more likely
to experience postoperative respiratory adverse events than those
older than 12 years. The study participants who had a history of
preoperative upper respiratory tract infections were 3.2 times
(AOR: 32, 95% CI: 1.4-9.93) to develop
postoperative respiratory adverse events as compared to those
who had no history of preoperative upper respiratory tract

more likely

infections (normal).
The study participants who were administered intraoperative
opioid analgesics were 2.53 times (AOR: 2.53, 95% CI: 1.2-5.97)

07 frontiersin.org


https://doi.org/10.3389/fanes.2025.1550316
https://www.frontiersin.org/journals/anesthesiology
https://www.frontiersin.org/

Hordofa et al.

10.3389/fanes.2025.1550316

TABLE 4 Intraoperative predictors of postoperative respiratory adverse events among pediatric patients operated on under general anesthesia at HUCSH,

2024 (n =205).

Variable Category

Frequency (%) Postoperative respiratory adverse

events, frequency (%)
No =132 (64.4)

Yes =73 (35.6)

1V induction Propofol 124 (60.5) 45 (36.3) 79 (62.7)
Ketofol 64 (31.2) 25 (39.1) 39 (60.9)
Ketamine 17 (8.3) 3 (17.6) 14 (82.4)
Analgesics used Paracetamol 95 (46.3) 25 (26.3) 70 (73.7)
Opioids 72 (35.1) 34 (47.2) 38 (52.8)
Caudal block and opioids 17 (8.3) 7 (33.3) 10 (66.7)
Caudal block and paracetamol 13 (6.3) 5 (38.5) 8 (61.5)
Others 8 (3.9) 2 (25) 6 (75)
Airway device Use of an LMA 69 (33.7) 19 (27.5) 50 (72.5)
Use of an uncuffed endotracheal tube 11 (5.3) 6 (54.5) 5 (45.5)
Use of a cuffed endotracheal tube 120 (58.5) 47 (39.2) 73 (60.8)
Use of face mask 5(2.4) 1 (20) 4 (80)
Tube size (mm) 2.5-3 20 (16.3) 7 (35) 13 (65)
3-35 11 (8.9) 8 (72.7) 3(27.3)
3.5-4 11 (8.9) 3(27.3) 8 (72.7)
4-45 31 (25.2) 8 (25.8) 23 (74.2)
45-5 41 (33.3) 12 (29.3) 29 (70.7)
55-6 9 (4.4) 4 (44.4) 5 (55.6)
LMA size (mm) 2.07+0.32 2.09 £0.29 2.04+0.34
Ventilation techniques Controlled ventilation 116 (56.6) 35 (30.2) 81 (69.8)
Spontaneous ventilation 89 (43.4) 38 (42.7) 51 (57.3)
Types of surgery done Ophthalmological surgery 73 (35.6) 27 (37.0%) 46 (63.0%)
General surgery 68 (33.2) 23 (37) 46 (63)
ENT 42 (20.5) 18 (42.9) 24 (57.1)
Neurosurgery 14 (6.8) 4 (28.6) 10 (71.4)
Others 8 (3.9) 1 (12.5) 7 (87.5%)
Fluid type Normal saline 181 (88.3) 64 (43.6) 117 (56.4)
Ringer lactate 10 (4.9) 3 (30) 7 (70)
Glucose and normal saline 14 (6.8) 6 (50) 8 (50)
Inhalational agents Halothane 88 (42.9) 24 (27.3) 64 (62.7)
Isoflurane 117 (57.1) 49 (41.9) 68 (58.1)
Muscle relaxants given Yes 148 (72.2) 57 (38.5) 91 (61.5)
No 57 (27.8) 16 (28.1) 41 (61.5)
Muscle relaxants given for maintenance Succinylcholine 89 (60.1) 31 (34.8) 58 (65.2)
Vecuronium 59 (39.9) 18 (30.5) 41 (69.5)
Reversal given Yes 59 (28.8) 25 (42.4) 34 (57.6)
No 148 (71.2) 48 (32.9) 98 (67.1)
Estimated blood loss (ml) No bleeding 14 (6.8) 5(37.5) 9 (62.5)
<50 17 (8.3) 5 (29.4) 12 (70.6)
50-100 62 (30.2) 25 (40.3) 37 (59.7)
100-150 90 (43.9) 28 (31.1) 62 (68.9)
>200 22 (10.7 10 (45.5) 12 (54.5)
Duration of surgery (h) <2 177 (86.3) 59 (33.3) 118 (66.7)
>2 28 (13.7) 14 (50) 14 (50)

For types of surgery, “Others” refers to orthopedic, plastic, reconstructive , oral and maxillofacial, and vascular surgery. For analgesics used, “Others” refers to transverse abdominis plane block,

sciatic nerve block, and diclofenac.

more likely to experience postoperative respiratory adverse events
than those who were administered paracetamol.

The study participants who experienced spontaneous ventilation
techniques were 8.53 times (AOR: 8.53, 95% CI: 2.9-24.9) more
likely to develop postoperative respiratory adverse events
compared to those managed with controlled ventilation. The study
participants who were intubated with a cuffed endotracheal tube

were 3.97 times (AOR: 3.97, 95% CIL: 1.4-11.6) more likely to

Frontiers in Anesthesiology 08

develop postoperative respiratory adverse events as compared to
those who had airway management with LMA (Table 6).

Discussion

In the current study, the incidence of postoperative respiratory
adverse events was 35.6% [95% CI (28.8-42.9)]. The result of this
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TABLE 5 Results of bivariate
postoperative

logistic regression of predictors of
respiratory adverse events among pediatric patients

operated on under general anesthesia at HUCSH, 2024 (n = 205).
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TABLE 6 Results of multivariable logistic regression of independent
predictors of postoperative respiratory adverse events among pediatric
patients operated on under general anesthesia at HUCSH, 2024 (n = 205).

Variable Category Crude | p-value Variables Category AOR (95% ClI)
odds ratio Age 0-1 month 9.1 (1.2-7.5)
)
(95% ClI) 1 month-2 years 3.6 (5.8-16.1)
Gender Female 0.53 (029-0.97) 0.04 12-15 years 1
Male 1 Upper respiratory tract No 1
Age <1 month 5.6 (1.05-30.13) 0.04 infections Yes 3.2 (1.01-9.93)
1 month-2 years 2.3 (0.65-8.19) 0.2 Analgesics given Paracetamol 1
2 year-12 years 2.02 (0.64-6.45) 0.23 Opioids 2.53 (1.2-5.97)
12-15 years L Ventilation techniques Controlled ventilation 1
ASA class ASA'T 1 Spontaneous 8.53 (2.9-24.9)
ASA TI 178 (0.84-3.74) | 0.13 Airway device LMA 1
Upper respiratory tract | No 1 Use of cuffed endotracheal 3.97 (1.4-11.6)
infections Yes 2.6 (1.12-6.1) 0.02 tube
Self anc'l family history of | No 1 1, reference group.
bronchial asthma Yes 3.34 (1.63-6.9) 0.001

0.87 (0.72-1.04) 0.12
4.0 (0.48-35.2) 0.19

Preoperative hemoglobin

Types of surgery Ophthalmologic surgery

General surgery 3.6 (0.4-30.9) 0.25
ENT 5.3 (0.6-46.6) 0.14
Neurosurgery 2.8 (0.26-30.7) 04
Others 1
Muscle relaxant used for | No 1
maintenance Yes 1.61 (0.82-3.12) 0.16
Inhalational drugs Halothane 1
Isoflurane 1.92 (1.05-3.49) 0.03
Analgesics given Paracetamol 1
Opioids 2.51 (1.31-4.8) 0.006
Caudal block 1.4 (0.33-6.02) 0.65

Combined caudal and 2.8 (0.65-12.04) 0.17

opioids
Others 0.93 (0.18-4.9) 0.94
LMA 1

Use of a cuffed 1.7 (0.89-3.22) 0.1
endotracheal tube

Airway device

Use of an uncuffed 3.16 (0.86-11.6) 0.08

endotracheal tube

Face mask 0.69 (0.9-3.22) 0.72
Ventilation techniques Controlled ventilation 1

Spontaneous ventilation | 2.4 (1.22-4.6) 0.01
Procedure Elective 1

Emergency 1.64 (0.81-3.3) 0.17
Reversal agent given No 1

Yes 0.66 (0.35-1.2) 0.2
Duration of surgery (h) | <2 1

>2 2.0 (0.89-4.47) 0.09

study is consistent with that of studies conducted in Turkey, the
USA, and Ontario, Canada, which found incidence rates of
postoperative respiratory adverse events of 29.9%, 31%, and 41%,
respectively (4, 5, 7).

The result of this study was higher than a retrospective
observational study conducted by Yi et al. in 2023 in China
(6.9%) (29). This may be due to the type of surgical procedure
conducted, the setting difference (advanced experience in
anesthesia management and the use of invasive monitoring), the
difference in outcome assessment (the previous study assessed
laryngospasm and bronchospasm, considering them to be major
PRAEs), and the difference in the study design, since our study

Frontiers in Anesthesiology

was prospective follow-up study and we assessed both minor and
major postoperative respiratory adverse events.

Similarly, the result of our study was higher than the result
of a retrospective study conducted by Tsampalieros et al. in
Canada, in 2022 (17.6%) (30). This difference might be due to
differences in the study population, use of invasive monitoring,
preoperative polysomnography, and study design (the previous
study was retrospective).

This study found that an age of <2 years was a predictor of
This
supported by a study conducted by Baker et al. in 2022, which

postoperative adverse respiratory events. finding is
showed that children under 3 years were four times more likely
to develop postoperative respiratory adverse events than older
children (aged 12-15years) (31). The possible explanations for
the high vulnerability in this age group may be the anatomical,
physiological, pharmacological, and immunological differences in
younger children compared to older children. Hence, these might
increase the vulnerability of younger children to postoperative
respiratory adverse events, which result from immature control
of breathing, higher flow resistance, airway collapsibility,
increased chest wall compliance, reduced gas exchange, and
increased breathing work.

Preoperative upper respiratory tract infections were found to be
a predictor of postoperative respiratory adverse events, which is
consistent with a previous retrospective study conducted by Lee
et al. in South Korea in 2020 (32) that showed that patients with
upper respiratory tract infections experienced five times more
postoperative respiratory adverse events than patients without
upper respiratory tract infections. This may be related to upper
respiratory tract infection-induced upper airway hyperactivity,
increased closing volume, and impaired diffusion capacity.

Intraoperative opioid analgesics were risk factors for
postoperative respiratory adverse events. This finding is
similar to that of a study conducted in the USA by Voepel-
Lewis et al. (33), which revealed that among 25 children
who were administered opioids, 68% experienced oxygen
desaturation and 28% experienced postoperative respiratory
depression, and they had a four times higher oxygen

requirement than the non-opioid group. Similarly, the result
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of the current study is supported by a study conducted in
which that the risk
postoperative respiratory adverse events was two to three

Korea, showed of developing
times higher among patients who had taken opioids than
among those who had taken paracetamol or paracetamol
combined with opioids (34). A possible explanation for this
may be the effect of opioids in decreasing the central
respiratory drive to the respiratory muscles, upper airway
dilatation, reduced airway tone, and reduced central
chemosensitivity response to hypoxia and hypercapnia (35).

In this study, the use of cuffed endotracheal tubes was
significantly associated with postoperative respiratory adverse
events. This finding is consistent with the results of a study
conducted by Li et al. (36). This could be due to airway
simulation during intubation, laryngoscopy, and suctioning
associated with intubation and extubation, resulting in
hyperactivity of the upper airway, anatomical distortion, and
mechanical impairments of the airway structures, especially
during extubation.

The novel finding of this study is that spontaneous ventilation
techniques are independent predictors of postoperative respiratory
adverse events in pediatric patients following surgery. This may be
due to higher respiratory effort, resulting in exhaustion of the
respiratory muscles and ineffective gas exchange associated with

spontaneous ventilation.

Strength and limitations of study

Loss-to-follow-up bias was minimal in this study. We studied
the overall incidence of postoperative adverse respiratory events
(multiple outcomes were considered) in the first 60 min after
emergence from anesthesia and may have overlooked some
adverse events that did not occur within this defined follow-
up time.

The short follow-up period limits us in assessing the
incidence of PRAEs that occur beyond 60 min. Thus, future
researchers should consider longer postoperative follow-up time
to assess the incidence of PRAEs that occur beyond 60 min in
the postoperative period. Therefore, future studies should
consider specific postoperative adverse events within a
reasonably defined time of occurrence. Furthermore, most of
the postoperative respiratory adverse events were interrelated,
which is a limitation of this study, as we were not able to
address the cause-effect relationship. The use of only pulse-
oximetry to assess postoperative adverse respiratory events
(such as desaturation and hypoxia) may affect the interpretation

of the results as this may introduce bias.

Conclusion and recommendations

The incidence of postoperative respiratory adverse events in

pediatric patients who underwent surgery under general
anesthesia at HUCSH was high. Age younger than 2 years,

preoperative history of upper respiratory tract infections, use of
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intraoperative opioid analgesics,
cuffed
techniques

airway management with

endotracheal tubes, and spontaneous ventilation

were independent predictors of postoperative
respiratory adverse events. Hence, anesthesia providers should
thoroughly assess preoperative upper respiratory tract infections
in pediatric patients who have undergone surgery and provide
appropriate optimization strategies prior to surgery. The use of
multimodal analgesia, rather than opioids alone, for pain
management may decrease the incidence of postoperative
respiratory adverse events. Airway management using uncuffed
endotracheal tubes (in infants younger than 2 years), and the
use of controlled ventilation may reduce the incidence of
PRAEs. Furthermore, we hope that the limitations of the

current study will be addressed by future researchers.
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