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ABSTRACT

Background: Pediatrics use more oxygen than adults do, which has an impact on how quickly the body desaturates
after apnea. Depending on age and other physiological parameters, the clinically relevant hypoxemia in pediatric
patients can drop to 40% in as little as 1.5 minutes, which makes the transfer to the Post-Anesthesia Care Unit
(PACU) a risky phase. Postoperative Hypoxemia (POH) happens critically postoperatively and various factors
predict POH. The objective of the study is to determine the incidence and predictors of POH in pediatric patients
undergoing General Anesthesia (GA).

Methodology: In 292 pediatric patients, a single-arm prospective multi-center cohort study using systematic random
sampling was carried out. Data entry and analysis were performed using Statistical Package for Social Sciences (SPSS)
version 25.00 software. For logistic regression, a Hosmer-Lemeshow goodness of fit test was used (variables with a
p>0.05 were considered fit). Binomial logistic regression and multivariable analysis were performed. Independent
variables were examined for multi collinearity, and those exhibiting a Variance Inflation Factor (VIF) >10 were
removed. Additionally, the association between the variables was determined using Pearson chi-square and p<0.05
indicated statistically significant variables.

Results: The incidence of POH was 47.9%. Pediatric age (< 2 years), opioids, and above-abdominal surgeries are
associated with POH (p < 0.001) and AOR=3.263 (1.686-6.314), 5.545 (2.983-10.307), and 3.642 (1.969-6.736),
respectively. Additionally, the presence of at least one comorbidity, use of muscle relaxants, prolonged anesthesia, and
surgery duration are associated with POH (p=0.001, 0.003, 0.02, and 0.037) and AOR=4.259 (1.788-10.145), 29.72
(3.262-270.778), 2.153 (1.131-4.1), and 2.560 (1.058-6.196), respectively. However, anesthesia type is insignificantly
associated with POH (p=0.096).

Conclusion: The incidence of POH in pediatric patients undergoing GA is high, and the presence of at least one
comorbidity, pediatric age (< 2 years), use of opioids and muscle relaxants, above-abdominal surgeries, prolonged
anesthesia, and surgery durations are significantly associated with POH. We recommend taking precautions,
following them and having oxygen therapy for these high-risk pediatric patients.
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INTRODUCTION can be brought on by either insufficient arterial oxygenation or
insufficient blood flow to the tissues [1]. At sea level, the typical
Hypoxemia is the medical term for low blood oxygen levels, which peripheral oxygen saturation range is 97%-99%, with a lower limit

Correspondence to: Semon Mengistu, Department of Anesthesiology, Madda-Walabu University College of Medicine and Health Sciences, Goba,
Ethiopia, E-mail: semonpeter123@gmail.com

Received: 13-Apr-2024, Manuscript No. JPMME-24-25457; Editor assigned: 16-Apr-2024, PreQC No. JPMME-24-25457 (PQ); Reviewed: 30-Apr-2024,
QC No. JPMME-24-25457; Revised: 07-May-2024, Manuscript No. JPMME-24-25457 (R); Published: 14-May-2024, DOI: 10.35248,/2684-1320.24.10.275.
Citation: Mengistu S, Mulugeta HM, Destaw B, Molla S (2024) Incidence and Predictors of Post-Operative Hypoxemia in Pediatric Patients Undergoing
General Anesthesia: A Single-Arm Prospective Multi-Center Cohort Study 2023. J Pain Manage Med.10:275.

Copyright: © 2024 Mengistu S, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

J Pain Manage Med, Vol.10 Iss.3 No:1000275 1



Mengistu S, et al.

of 94%. The oxygen therapy threshold is if the oxygen saturation
is <90%, since even a tiny decrease from 90% could cause a
severe drop in the partial pressure of oxygen [2]. The ideal oxygen
saturation range for anesthesia is between 95% and 100%. If this range
is not met, the patient becomes hypoxemic and needs to be treated
right away, or if it is less than 90%, a clinical emergency occurs [3].

Oxygen carried by hemoglobin is compromised by hypoventilation,
which reduces the amount of oxygen in the alveoli due to obstruction
of the airway, a rise in Partial Pressure of Carbon Dioxide (PaCO,),
or a condition when blood flow and lung ventilation are not
balanced (ventilation-perfusion mismatch). Differential diagnoses
for hypoxia include the inability of the lungs to oxygenate blood
(hypoxemic hypoxia); low hemoglobin results in inadequate
oxygen delivery (anemic hypoxia); pump failure, in which the heart
cannot pump enough blood, resulting in impaired oxygen delivery
(circulatory hypoxia); and even though there is enough oxygen, the
cells are unable to utilize it (histotoxic hypoxia) [4].

The lung's resting volume is determined by the equilibrium of the
chest and lung recoil pressures. Compared to older children or
adults, younger children have a lower Functional Residual Capacity
(FRC). Due to their greater propensity for airway collapse (higher
compliance), children have fewer oxygen reserves, which causes a
drop in FRC and increases their risk of hypoxemia [5].

Pediatric patients may be more susceptible to hypoxemia due to
a variety of physiological issues. An infant's oxygen consumption
is comparatively higher than an adult's; some publications report
discrepancies between the two at rest, 6 mL/kg/min against 3
mL/kg/min. In addition, there is an increase in CO, production,
roughly 100-150 mL/kg/min as opposed to an adult's 60 mL/
kg/min. This can cause fast desaturation during apnea, especially
when paired with a slightly reduced functional residual capacity.
Children's respiratory rates are higher to meet the need for higher
minute ventilation to expel CO, because their tidal volume is
generally consistent with an adult's [6].

Hypoxemia is thought to be most likely to develop in the early
postoperative period. Following various surgeries, this frequency is
common in the PACU. POH developed as a result of compromised
gas exchange during anesthesia due to the chest wall muscles' lower
tone and continues into the recovery stage [7].

Pulse oximetry gives clinicians a non-invasive, affordable, precise,
and quick way to measure oxygen saturation. Patients without
pulse oximetry monitoring had a statistically significant increase
in the number of hypoxic episodes and the duration of hypoxemia,
regardless of the level of clinical experience [8]. The pulse oximeter is
a non-invasive, painless, and costeffective device used for monitoring
peripheral oxygen saturation to detect hypoxemia (which can be
detected before clinical signs such as cyanosis appear) [9].

In the operating room, Adverse Respiratory Events (AREs) are still
one of the leading causes of morbidity and death. The incidence of
postoperative respiratory events ranges from 5% to 80%, contingent
on patients and diagnostic standards, and 1.3% to 6.9% of these
events occur after admission to a PACU. Regardless of the cause,
hypoxemia results in significant morbidity and mortality [10].

Pediatrics typically experience perioperative ARE, which is one
of the most common adverse events observed in the PACU. In
about 5% of children in a PACU, an example of hypoxia has been
documented. These occurrences have the potential for serious
repercussions and are responsible for 449% of pediatric cardiac arrests
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in the PACU [11]. Although postoperative episodic hypoxemia
in surgical patients is poorly understood, it might be useful in
determining the likelihood of early postoperative respiratory
problems. Intermittent hypoxia is linked to worse outcomes after
serious medical emergencies like myocardial infarction [12].

Both acute and chronic hypoxia can manifest symptoms; dyspnea
and tachypnea are possible in the acute form. Tachycardia can be
caused by severe hypoxia, which gives the tissues enough oxygen.
The most common symptom of the chronic presentation, which is
usually less severe, is dyspnea upon exertion. A severe impediment
to oxygen delivery will begin to impair organ function. Headaches,
restlessness, and confusion are a few of the neurologic symptoms
associated with moderate hypoxia. In severe circumstances, if coma
and altered mental status are not treated immediately, there may be
a fatal outcome [4].

Patients who are transferred from the operating room to the
PACU are believed to have a higher risk of developing hypoxemia.
Hypoxemia most likely happens in the first 20 minutes after
extubation. Tissue hypoxia mostly affects the cardiovascular and
central nervous systems. It contributes to surgical morbidity
primarily through its effects on the heart (ischemic or rhythmic)
and the nervous system (an acute confusional condition that may
result in postoperative delirium) [13].

Hypoxemia could result in arrhythmias and abnormal blood
pressure, which could have serious impacts. Even mild hypoxia
might impair the central nervous system, and very severe hypoxia
might result in an abrupt loss of consciousness. Anesthetists better
identify hypoxemia and hypoxia-related episodes by monitoring SPO,,
but overall hypoxemia incidence seems somewhat unchanged [14].

Early postoperative desaturation was somewhat associated with
postoperative acute kidney injury and myocardial infarction. It
might have had a duration-dependent relationship with poor
discharge, post-procedure complications, and ICU admission
[15]. Undiagnosed postoperative oxygen hypoxemia could result
in pulmonary hypertension, hyperkalemia, and brain ischemia,
respiratory, cardiac, and multiorgan failure [16].

In addition to impairing wound healing, POH might be linked to
serious problems such as cognitive dysfunction, dysrhythmias, and
myocardial ischemia. These complications could be frequently seen
in the first week following surgery. POH, particularly in individuals
with multiple risk factors, might be linked to higher mortality,
longer hospital stays, and higher expenses. Patients at risk may
experience prolonged respiratory assistance and re-intubation,
which could have resulted in poor overall outcomes [17].

Despite recent attempts, child mortality rates remain high
worldwide, particularly in developing countries. Hypoxemia is a
frequent consequence of curable, deadly children’s illnesses [18].
There is an elevated likelihood of death from hypoxemia, especially
in Low and Middle-Income Countries (LMICs). Prior research on
the prevalence of hypoxemia has been overly limited to a small
number of illnesses or particular patients [19]. The aim of the study
is to determine the incidence and predictors of POH in pediatric
patients undergoing General Anesthesia (GA).

METHODOLOGY
Study area

The study was conducted at HUCSH, which is situated 273
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kilometers away from Addis Ababa in Hawassa City, Sidama Regional
State. HUCSH is a teaching hospital and offers a variety of services,
including pediatrics. With 400 beds in total, it receives about 5,000
outpatient and emergency visits every month. Both inpatient and
outpatient services are offered by the pediatrics department [20].

The study also took place at TASH, which is a teaching center and
where 3,70,000-4,00,000 patients visit per year, while the precise
number is unknown [21]. A wide range of specialties provide
services for patients, including pediatrics. Patients who are referred
by other hospitals can receive care from the pediatrics department
[22]. TASH has 800 beds and provides services for the most critical
patients. Around 13,300 presentations per year are seen at pediatric
emergency departments [23].

Emperor Haile Selassie established Saint Peter Specialized Hospital
in 1953. It is the first tuberculosis referral hospital in the country.
Saint Peter Specialized Hospital has been the sole hospital in the
country treating tuberculosis for more than 40 years. It has recently
changed to become a multiservice specialty hospital with more
than 14 different specialties and an excellence center, including
services for pediatrics [24].

Study design and period

A single-arm prospective multi-center cohort study was conducted,
and data collection was carried out from May 1, 2023, to July 30,
2023, at selected hospitals.

Population

The population consists of pediatric patients aged 16 years or
younger who are undergoing either elective or emergency surgery
with general anesthesia and are subsequently transferred to the

Post-Anesthesia Care Unit (PACU).

Source of population: Pediatric patients undergoing surgery with

GA.

Study population: Pediatric patients (< 16 years) undergoing
surgery with GA (both elective and emergency) were transferred to

the PACU.
Eligibility criteria

The eligibility criteria include pediatric patients (< 16 years)
undergoing elective or emergency surgery with an Endo-Tracheal
Tube (ETT) or Laryngeal Mask Airway (LMA), transferred to
the PACU between May 1, 2023, and July 30, 2023, excluding
those with preoperative peripheral oxygen saturation below 95%,
receiving oxygen therapy upon entering the operating room, requiring
intraoperative methylene blue, experiencing problems with reading
SPO2, or remaining intubated and transferred to the ICU.

Inclusion criteria: Pediatric patients (< 16 years) undergoing
surgery (both elective and emergency) with the Endo-Tracheal Tube
(ETT) or Laryngeal Mask Airway (LMA) were transferred to the
PACU from May 1, 2023, to July 30, 2023.

Exclusion criteria: Preoperative peripheral oxygen saturation
(<95%), patients entering the operation room with oxygen therapy,
intraoperative use of methylene blue, problems with reading SPO,,
and patients remained intubated and transferred to the ICU.

Study variables

The study variables include independent variables such as pediatric
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age, co-existing diseases, anesthesia type, surgery type, anesthesia
drugs (opioids and muscle relaxants), duration of anesthesia, and
duration of surgery, while the dependent variable is the incidence
of Postoperative Hypoxemia (POH).

Independent variables: After pediatric age, co-existing diseases,
anesthesia type, surgery type, anesthesia drugs (opioids and muscle
relaxants), duration of anesthesia, and duration of surgery.

Dependent variable: Incidence of POH.
Operational definition

The operational definitions include postoperative hypoxemia as
peripheral oxygen saturation below 95% for at least one minute
after extubation, pediatrics as patients aged 16 years or younger,
general anesthesia (GA) as surgery with GA using either an Endo-
Tracheal Tube (ETT) or Laryngeal Mask Airway (LMA), prolonged
anesthesia time as anesthesia lasting more than one hour, and
prolonged surgery time as surgery lasting more than one hour.

Postoperative hypoxemia: Peripheral oxygen saturation <95% in
the blood for at least a minute exists after extubation.

Pediatrics: Patients with an age of < 16 years [25].

GA: Pediatrics undergoing surgery either with GA+ETT or
GA+LMA.

Prolonged anesthesia time: Anesthesia that lasts >1 hour [26].

Prolonged surgery time: Surgery that lasts >1 hour [26].
Sample size and sampling technique

Sample size: The sample size was determined by using the incidence
of hypoxemia (P=22.2%), which is taken from a prospective
multicenter cohort study done in Nigeria due to the fact that there
is no such multicenter cohort study done in Ethiopia. The study
included 23,926 pediatric patients, was studied within 2 years, was
conducted in 12 study areas, and had similar study participants to our

study area (HUCSH, TASH, and St. Peter Specialized Hospital) [27].
Z’P(1-P)
(d)

Where Z=1.96 for a 95% confidence interval

_(1.96) X0222(1-0222)

Sample size =
s (0.05)’

P=incidence of hypoxemia
d=margin error (5%)
By adding 10% non-response rate=292.

Sampling technique: A systematic random sampling technique was
applied (Figure 1).

These three hospitals were selected randomly. Situational analysis
was done, and information was taken from a recorded logbook.
189, 201, and 209 pediatric cases were done at HUCSH, Saint
Peter Specialized Hospital, and TASH in two months (February
1-March 30).

The patient sampling interval was conducted by: k=N/n; (N=209,
n=292); and k=209/292=1. The first patient was selected randomly.

Where k=sample interval size
N=Number of pediatric patients

n=Sample size
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Study participants’ allocation at selected hospitals

Number of pediatric patients=292

g 4l

Hawassa University Comprehensive
Specialized Hospital
N=92)

Saint Peter Specialized
Hospital (N =100)

Tikur Anbessa
Specialized Hospital
(N =100)

Figure 1: Study participant allocation at selected hospitals.

Data collection procedure

After a Support letter and ethical clearance were obtained from
the Institutional Review Board (IRB) of Dilla University College
of medicine and health science with Protocol Unique No:
duirb/034,/23-05 data was gathered at three selected hospitals
(HUCSH, TASH, and Saint Peter Specialized Hospital) using
a structured questionnaire from May 1, 2023, to July 30, 2023.
Study participants and parents of study participants (forest parents)
were informed about the collection of data, including objectives,
benefits, harms, and other issues of the study, in Amharic and
other local languages, with translation provided. Data collection
was commenced with pediatric patients (<16 years) who had
undergone GA and satisfied the inclusion criteria; after the
procedure was completed and the patient was extubated, these
pediatric patients were followed throughout their stay in the
PACU, and pediatric patients with peripheral oxygen saturation
<95% for at least a minute were considered hypoxemic pediatric
patients. A questionnaire was developed from patient, anesthesia,
and surgery-related information. The data was collected with three
nurses assigned to PACU in each selected hospital. The study was
registered on the research registry and has got a research registration
Unique Identifying Number (UIN) of research registry 9825
https://www.researchregistry.com/browse-the-registry#home/

Data processing and analysis

The statistical software SPSS version 25.00 was used to enter
the data. Variables with a p>0.05 were deemed fit for logistic
regression, according to the Hosmer-Lemeshow goodness of fit
test. Following binary logistic regression analyses, multivariable
analysis was carried out once variables that match the final model
were included using a pvalue<0.25. Independent variables were
examined for multicollinearity, and those exhibiting a Variance
Inflation Factor (VIF) greater than 10 were removed.

Additionally, the association between variables was determined
with Pearson chi-square. A p-value of less than 0.05 indicated that
a variable was statistically significant. Frequency tables, pie charts,
and graphs were used to summarize and illustrate the data that had
been gathered. Finally, using the data, the results were compared
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and discussed, and then conclusions were forwarded.
Data quality assurance

Two weeks before data collection started in the selected study area,
two days of training on the objectives, data procedure, benefits,
harms, relevance of the study, and brief explanations of the data
collection tool (questionnaire) of the study were provided to
assure the quality of the data. A pre-test data collection tool (a
questionnaire) was performed on 5% of patients who satisfied
the inclusion criteria but were not included in the study during
data collection at selected hospitals. The investigator verified the
completeness, accuracy, consistency, and clarity of the gathered
data by cross-referencing them with the questionnaire. If there were
any questions or misunderstandings among participants, they were
reported.

RESULTS

Pediatric patients related status

In total, 292 pediatric patients underwent surgery with GA.
The majority of pediatric patients were male (63.7%) and aged
3.7 years. 47 (16.1%) of pediatrics had at least one comorbidity
(Table 1).

239 (81.85%) pediatric patients used intraoperative muscle
relaxants, and 136 (56.9%) were desaturated; 53 (18.15%) pediatric
patients didn’t receive intraoperative muscle relaxants, and 16
(30.2%) became hypoxemic. 174 (59.6%) of pediatrics use opioids
as analgesia, and 108 (62.1%) became hypoxemic among pediatrics
who use opioids as analgesia (Table 2).

Figure 2 showed that 247 (84.6%) pediatric patients undergo
surgery with GA+ETT and 45 (15.4%) pediatric patients undergo
surgery with GA+LMA. 134 (54.3%) and 18 (40%) were desaturated
from pediatric patients undergoing GA+ETT and GA+LMA,
respectively. 240 (82.19%) were undergoing prolonged anesthesia
time, and 137 (57.1%) were desaturated, compared to 15 (28.846%)
who were desaturated with anesthesia duration less than or equal
to one hour.
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Table 1: Pediatric patients undergoing GA characteristics from May 1, 2023, to July 30, 2023.

Frequency of POH, n (%)

Variables Categories Total, n (%)
Yes, n (%) Yes, n (%)

< 2 years 66 (61.7%) 41 (38.3%) 107 (100%)

Age 3-7 years 53 (48.2%) 57 (51.8%) 110 (100%)
8-16 years 21 (28%) 54 (72%) 75 (100%)

Male 83 (44.6%) 103 (55.4%) 186 (100%)

Sex Female 57 (53.8%) 49 (46.2%) 106 (100%)
Neurologic 4 (66.7%) 2(33.3%) 6 (100%)

Cardiac 2 (66.7%) 1 (33.3%) 3 (100%)

Co-morbidities Respiratory 29 (80.6%) 7 (19.4%) 36 (100%)
Other 1 (50%) 1 (50%) 2 (100%)

Table 2: Characteristics of anesthesia drugs in pediatric patients undergoing GA from May 1, 2023, to July 30, 2023.

Frequency of POH, n (%)

Variables Categories Total, n (%)
Yes, n (%) Yes, n (%)
Opioid use 108 (62.1%) 66 (37.9%) 174 (100%)
Analgesia
Opioid sparing use 32 (27.1%) 86 (72.9%) 118 (100%)
Yes 136 (56.9%) 103 (43.1%) 239 (100%)
Muscle relaxant use
No 16 (30.2%) 37 (69.8%) 53 (100%)
160
134 137/
140 113
120
100
80
4
0 18 15
20 | =
0
GA+ETT GA + LMA Anesthesia duration Anesthesia duration
< 60 minutes > 1 hour
Figure 2: Type and duration of anesthesia in pediatric patients undergoing GA from May 1, 2023, to July 30, 2023. Note: (1) Non-hypoxemic
pediatric patients, (s) Hypoxemic pediatric patients.

Figure 3 showed, 132 (45.2%) of pediatric patients underwent
above-abdominal surgeries. 77 (58.34%) of pediatric patients
who had undergone above-abdominal surgeries were desaturated,
compared to 63 (39.4%) desaturated pediatric patients who had
undergone other surgeries. 155 (53.08%) pediatric patients
underwent prolonged surgery (>1 hour). 93 (60%) desaturated
pediatric patients underwent prolonged surgery (>1 hour) as
compared to 59 (43.1%) who became desaturated when pediatric
patients underwent surgery less than or equal to one hour.

Figure 4 pie chart illustrates the overall incidence of POH, which
was 47.9% among the 292 pediatric patients who underwent
surgery with GA between May 1, 2023, and July 30, 2023.

] Pain Manage Med, Vol.10 Iss.3 No:10002%

Predictors of POH

The presence of at least one comorbidity, pediatric age (< 2 years),
opioid use, and prolonged anesthesia duration (>1 hour) are
associated with POH (p<0.001) and COR=4.437 (2.157-9.126),
2.415 (1.482-3.935), 4.398 (2.645-1.312), and 3.281 (1.709-6.298),

respectively.

Muscle relaxant use, type of surgery, and prolonged surgery duration
(>1 hour) are associated with POH (p=0.001, 0.001, and 0.004) and
COR=3.053 (1.610-5.790), 2.156 (1.348-3.447), and 1.983 (1.244-
3.162), respectively. However, anesthesia type is associated with

POH (p=0.081) (Table 3).
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Figure 3: Surgery-related characteristics of pediatric patients undergoing GA from May 1, 2023, to July 30, 2023. Note: (1) Non-hypoxemic pediatric
patients, (s) Hypoxemic pediatric patients.

Figure 4: The incidence of POH in pediatric patients undergoing GA from May 1, 2023, to July 30, 2023. Note: (1) Non-hypoxemic pediatric
patients, () Hypoxemic pediatric patients.

Table 3: Bivariate analysis of predictors of POH in pediatric patients undergoing GA from May 1, 2023, to July 30, 2023.

Variabl c . Frequency of POH, n (%) Crude Odd Ratio |
ariables ategories Yoo 1 (%) No, 0. (%) (COR) at 95% CI p-value
Yes, n (%) 36 (76.1%) 11 (23.9%) 4.437 (2.1579.126)
Co-morbidities <0.001
No, n (%) 104 (42.4%) 141 (57.6%) 1
< 2 years 66 (61.68%) 41 (38.32%) 2.415 (1.482-3.935)
Pediatrics age <0.001
>2 years 74 (40%) 111 (60%) 1
Opioids 108 (62.1%) 66 (37.9%) 4.398 (2.645-7.312)
Analgesics <0.001
Opioid sparing 32 (27.1%) 86 (72.9%) 1
Yes, n (%) 136 (56.9%) 103 (43.1%) 3.053 (1.610-5.790)
Muscle relaxants 0.001
No, n (%) 16 (30.2%) 37 (69.8%) 1
GA with ETT 134 (54.3%) 113 (45.7%) 0.562 (0.294-1.073)
Anesthesia type 0.081
GA with LMA 18 (40%) 27 (60%) 1
Above abdominal 77 (58.3%) 55 (41.7%) 2.156 (1.348-3.447)
Surgery type surgeries 0.001
Other surgeries 63 (39.4%) 97 (60.6%) 1
>Tlhour 137 (57.1%) 103 (42.9%) 3.281 (1.709-6.298)
Anesthesia duration <0.001
< 60 minutes 15 (28.85%) 37 (71.15%) 1
>1 hour 93 (60%) 62 (40%), 1.983 (1.244-3.162)
Surgery duration 0.004
< 60 minutes 78 (59.34%) 59 (40.66%) 1

Note: 1 stands for reference group.

] Pain Manage Med, Vol.10 Iss.3 No:10002% 6
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For a binary logistic regression analysis of p<0.25, multivariable
logistic regression was used and use of opioids, pediatric age (< 2
years), and above-abdominal surgeries were associated with POH
(p<0.001) AOR=5.545 (2.983-10.307), 3.263 (1.686-6.314), and
3.642 (1.969-6.736), respectively. Additionally, the presence of at
least one comorbidity, use of muscle relaxants, prolonged (<1 hour)
anesthesia, and surgery durations are significantly associated with
POH (p=0.001, 0.003, 0.02, and 0.037) and AOR=4.259 (1.788-
10.145), 29.72 (3.262-270.778), 2.153 (1.131-4.1), and 2.560 (1.058-
6.16), respectively. However, anesthesia type is insignificantly
associated with POH (p=0.096) (Table 4).

Table 4: Multivariate analysis of predictors of POH in pediatric patients
undergoing GA from May 1, 2023, to July 30, 2023.

Frequency of POH,  Adjusted Odd

Variables Categories n (%) Ratio (AOR) p-value
Yes, n (%) No,n (%) at95%Cl
Yes, n (%) 36 (76.1%) 11 (23.9%) +22) 1788
Co- 10.145)
e 0.001
morbidities N o 104 141 .
om0 4y 400y (57.6%)
o 66 41 3.263 (1686
Pediatrics = “VeAS (5] 6806)  (38.329%)  6.314) <0001
age
>2years 74 (40%) 111 (60%) 1
. 108 o D.545(2.983-
Opioids (62.1%) 66 (37.9%) 10.307)
Analgesics " <0.001
Opioid 3 27 19%) 86 (72.9%) 1
sparing
136 103 29.72 (3.262-
()
Muscle Yo nO0) (5600 4310%)  270.778) 0003
relaxants
No, n (%) 16 (30.2%) 37 (69.8%) 1
GA with 134 113 6.620 (0.717-
Anesthesia ~ ETT (54.3%)  (45.7%) 61.102) 0.096
type  GA with . . ‘
LMA 18 (40%) 27 (60%) 1
Above
abdominal 77 (58.3%) 55 (41.7%) 4 06>
Type of surgeries ’ <0.001
surgery
Other —¢5(39.4%) 97 (60.6%) 1
surgeries
1 hour 103 137 2.153 (1.131-
Anesthesia (42.9%)  (57.1%) 4.1) oo
duration <60 37 15 ’
minutes  (71.15%) (28.85%) I
Slhour 62(40%) 93 (60%) 200 (1058
Surgery 6.196) 0.037
duration <60 78 59 ’
minutes  (59.34%)  (40.66%) !
Note: 1 stands for reference group.
DISSCUSSION

The overall finding of the study is concerned with the incidence
and predictors of POH in pediatric patients (<16 years old)
undergoing GA with follow-up in the operation theater and PACU.
The incidence of POH in pediatric patients (< 16 years old) was
47.9%, and patient, anesthesia, and surgery-related factors could
predict POH.

The prevalence of hypoxemia was found to be 23.8% in a cross-

J Pain Manage Med, Vol.10 Iss.3 No:10002%

OPEN aACCESS Freely available online

sectional study conducted by Rao et al., on clinical predictors of
hypoxemia in Indian children coming to the pediatric emergency
room with an acute respiratory tract infection [27]. A similar
cross-sectional study on determinants of hypoxemia in children
associated with pneumonia by Ramawat and Sharma revealed that
the prevalence of hypoxemia was 48% [28]. As compared to our
study, the study by Ramawat and Sharma found that the incidence
of POH is comparable, even though differences in study design
exist and is higher than the study done by Rao et al. This might be
due to the fact that it took into account only pediatric patients with
acute respiratory tract infections.

A review by Malik et al., on predictors of hypoxemia in children
(2-60 months) with lower respiratory tract infections, out of 150
children investigated, 35.3% had hypoxemia [29]. A study on the
incidence of early post-anesthesia hypoxemia and related factors
in the PACU done by Cifuentes et al., implied that the overall
incidence of early POH was 16% [30]. A similar observational
study on predictors of desaturation during patient transport to the
PACU by Labaste et al., showed that the incidence of hypoxemia
during transfer was 13% [13]. The incidence of POH in our study
is higher than in these studies; it could be due to the fact that our
study followed the incidence of POH through the patient stay in
the PACU.

In the retrospective study by Tang et al., on the incidence of
hypoxemia in a PACU and relevant risk factors, the incidence of
POH was estimated to be 21.83% [14]. Based on Li's retrospective
observational study, the incidence of hypoxemia in the PACU
following general anesthesia in children was estimated to be 4.35%
[31]. The incidence of POH in these retrospective studies is lower
than in our study, which might be due to differences in study
design.

In 4092 consecutive pediatric cases, a retrospective study by Kieran
et al., on the risk factors of postoperative desaturation revealed
that 27.2% of patients had desaturations [32]. The incidence of
POH was found to be 14.0% in retrospective research conducted
by Chen et al., on risk factors of postoperative hypoxemia following
shoulder arthroscopic surgery [33]. The incidence of POH in our
study is higher than these past research, which might be due to
differences in study design.

A multicenter cohort study conducted in Nigeria on hypoxemia in
hospitalized children and neonates by Graham et al., showed that
out of 23,926 neonates and children, the incidence of neonatal
hypoxemia was 22.2% (95% CI=21.2-23.2), while the incidence of
hypoxemia in children was 10.29% (9.7-10.8) [26]. This multicenter
cohort study has a lower incidence of hypoxemia as compared to
ours, which could be due to the fact that it only took into account
pediatric patients with specified admission cases.

A multicenter cohort study by McCollum et al., on the prevalence
of hypoxemia and the quality of oxygen treatment for hospitalized
Malawian children, 40 out of 761 (5.3%) hospitalized children
under the age of 15 had SPO2 levels below 90% [18]. In a research
study by Salah et al., on the prevalence of hypoxemia in under-
five children with pneumonia at an emergency pediatrics hospital
in Sudan, 42.7% of the patients had hypoxemia (with a pulse
oximeter oxygen saturation of less than 90%) [34]. These cohort
and cross-sectional studies have a lower incidence of hypoxemia as
compared to ours, which could be due to the fact that they only
took into account pediatric patients with specified admission cases.

An observational study on the incidence of early POH and its
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contributing factors by Melesse et al., stated that the incidence
of POH was 26.7% [1]. A similar observational cohort study on
the incidence and associated factors of POH among adult elective
surgical patients by Andualem showed that the incidence of POH
was 24.5% [16]. Our study’s POH incidence is higher than in these
observational studies; this could be due to differences in the study
participants.

A sectional research investigation by Ketema, on the magnitude
and associated factors of early POH in pediatric patients implied
that the magnitude of early POH was 44.5% [25]. A similar cross-
sectional study by Wolde et al., on the magnitude and associated
factors of immediate POH among elective surgical procedures
revealed that the magnitude of immediate POH was 22.5% [35]. As
compared to these cross-sectional studies, the incidence of POH in
our study is high. This could be due to the fact that these research
investigation took into account only elective surgical patients and

early POH.

The incidence of early postoperative hypoxemia was 45.8%, in
accordance with prospective cohort research by Taye et al., on
predictors of hypoxemia after GA in the early postoperative period
in a hospital in Ethiopia [7]. The prevalence of POH was 42.3% in
a prospective observational study conducted by Berhanu et al., on
the magnitude of early postoperative hypoxemia and its associated
factors among adult patients undergoing emergency surgery under
GA [36]. These prospective observational studies had comparable
study results as compared to ours.

Pediatrics with at least one co-morbidity had a significant
association with POH with multivariable analysis (p=0.001) and
an AOR of 4.259 (1.788-10.145). A recent study on the risk factors
for desaturation after tonsillectomy done by Kieran et al. implied
that pediatrics with co-morbidities undergoing surgery had a
significant association with POH (p<0.001) [32]. A similar cross-
sectional study by Wolde et al., on the magnitude and associated
factors of immediate POH stated that patients with respiratory co-
morbidities had a significant association with POH (p=0.002) [35].
A retrospective and cross-sectional study had a comparable result
to our research, even though differences in study design and study
participants exist.

Pediatric age (< 2 years) is significantly associated with POH (p
< 0.001) and AOR=3.263 (1.686-6.314). In a retrospective review
on whether nocturnal hypoxemia and hypercapnia are associated
with desaturation immediately after adenotonsillectomy, done by
Dalesio et al., it was implied that pediatric patients (< 2 years) had a
10.43 (95%, CI=1.89-110.9) times higher likelihood of desaturation
than patients between the ages of nine and seventeen [37]. This
retrospective study had comparable results to our study, which
implied pediatric patients (< 2 years) are significantly associated
with hypoxemia, even though differences in study design exist.

Opioid administration is significantly associated with POH,
with multivariable analysis p<0.001, AOR=5.545 (2.983-10.307).
An observational trial on postoperative opioid administration
characteristics done by Urman et al., implied that postoperative
opioid administration was significantly associated with POH
(p<0.001) [38]. A similar study by Ishikawa and Sakamoto on
postoperative desaturation and bradypnea after GA described
postoperative opioid administration as significantly associated with
POH and bradypnea with p=0.0019 [39]. Our study result is similar
with the observational and recent study results.

There is an insignificant association between anesthesia type (either
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GA+ETT or GA+LMA) and POH (p=0.096). A cross-sectional
study by Ketema on the magnitude and associated factors of early
POH in pediatric patients implied an insignificant association
between anesthesia type (either GA+ETT or GA+LMA) and POH
(p=0.079) (25]. This cross-sectional study result is in line to our
research result, even though differences in methodology and
specified urgency in admission exist.

Pediatric patients who underwent above-abdominal surgeries were
significantly associated with POH (p<0.001) and an AOR of 3.642
(1.969-6.736). A retrospective study by Tang et al., on the incidence
of hypoxemia in PACU and relevant risk factors stated that surgery
type (thoracic surgeries) had a significant association with POH
(p<0.01) [14]. A similar retrospective study by Li et al., on risk factors for
hypoxemia after GA in the PACU showed surgery type (oral surgeries)
could be significantly associated with POH in the PACU (p < 0.001)
[31]. Even though differences in study participants and methodology
exist, these studies had a consistent result compared to ours.

Prolonged anesthesia time (>1 hour) is significantly associated
with POH (p=0.02) and AOR=2.153 (1.13-14.1) [40]. A cross-
sectional study by Cifuentes et al., on the incidence of early post-
anesthesia hypoxemia and related factors in the PACU stated that
there was a significant association between prolonged anesthesia
time and POH (p=0.001) [30]. This cross-sectional study finding is
comparable to our study result.

Our study found that prolonged operation time (>1 hour) is
significantly associated with POH (p=0.037) and AOR=2.560
(1.058-6.196). A single-center retrospective study on risk factors for
POH after shoulder arthroscopy by Chen et al., described prolonged
operation time as significantly associated with POH (p=0.041) [33].
A similar prospective observational study by Berhanu et al., on
the magnitude of early POH and its associated factors implied
that prolonged operation time is significantly associated with
POH (p=0.014) [36]. Even though there is a difference in
study participants and the operational definition of prolonged
operation time, both studies had comparable study results to
ours.

CONCLUSION

The incidence of POH in pediatric patients undergoing GA is
high, and the presence of at least one comorbidity, pediatric
age (< 2 vyears), use of opioids and muscle relaxants, above-
abdominal surgeries, prolonged (>1 hour) anesthesia, and surgery
durations are significantly associated with POH. However, there
is an insignificant association between the type of anesthesia
and POH. We recommend taking precautions, following them
and having oxygen therapy for these high-risk pediatric patients.
Age, comorbidities, anesthesia, and surgical factors significantly
predict POH. Implementing stringent monitoring protocols and
addressing these risk factors can help to reduce the hypoxemia-
related complications and improve postoperative outcomes in

pediatric patients.
Recommendation

We recommend taking precautions, following them and having
oxygen therapy for pediatric patients with the presence of at least
one comorbidity, pediatrics with an age of < 2 years, use of opioids
and muscle relaxants, above-abdominal surgeries, prolonged (>1 hour)
anesthesia, and surgery durations. We recommend further multicenter
studies with a large sample size on the outcomes of POH.
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Strength of the study

The study addresses the incidence and predictors of POH in
pediatric patients undergoing GA.

The study is the first multicenter cohort study on the incidence
and predictors of POH in pediatric patients undergoing GA in
Ethiopia.

The study is used as baseline evidence for those who want to be
involved in similar studies.

Limitation of the study

J.K. Pediatric patients were followed only in the Operation Theater
and PACU. Oxygen saturation of the pediatric patient’s during
transfer from operating theater to PACU was not recorded.
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