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Abstract

Introduction: Hypoxemia is defined as a low amount of oxygen in our blood. Early

postoperative hypoxemia leads to cellular ischemia which may delay recovery and complications

are associated with significant cost and mortality implications for patients.

Objectives: The objectives of the study was to determine the magnitude and associated factors
of hypoxemia in pediatric patients aged 1-14 years who undergone surgery under general
anesthesia in Tikur Anbessa specialized hospital from October 26, 2019 to February 26, 2020
G.C.

Method: Institutional based cross sectional study was conducted at Tikur Anbessa specialized
Hospital, Addis Ababa, Ethiopia data was collected from October 26/2019 to February 26, 2020
using a pre-tested questionnaire starting from preoperative period to postoperative period in
PACU. After sample size was calculated and systematic random sampling technique applied, 229
patients included in the study. The data was entered to Epi Info version 7.2.1 and analyzed by
SPSS version 22 software performing descriptive statistics, bivariate and multivariate logistic

regression.

Result: The incidence of early postoperative hypoxemia is found to be 44.5%. Muscle relaxant
use has a 3.13 times [AOR=3.13; 95% CI: (1.13-8.64)] and not using premedication has 10 times
[AOR=10.93; 95% CI: (4.74-25.21) more risk for developing early post-operative hypoxemia.
Duration of surgery greater than an hour has 4.6 times [AOR=4.68; 95 % CI: (2.01-10.89)] and
duration of anesthesia greater than an hour has 11 times [AOR=11.29; 95% CI: (3.96-32.19)]

risk for early post-operative hypoxemia.

Conclusion and recommendation: The magnitude of early postoperative hypoxemia is high.
Some of the identified factors were muscle relaxant use, duration of surgery and anesthesia
greater than an hour therefore it’s important to give attention for patients undergoing long

surgical procedures and for patients who took muscle relaxants.
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Chapter one: Introduction

1.1 Background

Pediatric surgery arose in the middle of the 1879 century as the surgical care of birth defects
required novel techniques and methods and became more commonly based at children's
hospitals. The little available information in sub-Saharan Africa suggests pediatric-surgical

diseases are common and poor care results in significant morbidity and mortality (1, 2).

General anesthesia is a drug induced loss of consciousness in which even painful stimulation will
not arouse the patient. A relative reduction in Functional residual capacity, increased risk of
airway closure during tidal breathing, higher basal metabolic rate and alveolar minute volume
which increases oxygen consumption, relatively large tonsils & adenoids leading to airway
obstruction, increased heart rate are more possible causes for children to have a more rapid and

severe decrease in SpO2 than adults (3, 4).

When our body doesn’t have adequate amount of oxygen we could get hypoxemia, which is
defined as a low amount of oxygen in our blood. This low amount can further cause hypoxia, a
low oxygen content that is unable to meet needs at tissue level resulting in deleterious conditions

of having damage in multiple organs inside our body like brain, liver and heart (5).

Many factors may be involved in early postoperative hypoxemia. Anesthetic itself, results in
alveolar hypoventilation, ventilation/perfusion mismatch, right to left shunting of blood,

depressed cardiac output, low inspired O, and laryngospasm. (6, 7).

Arterial hypoxemia can occur anytime during anesthesia with astonishing suddenness. Severe
hypoxemia can Kill a patient or leave the victim with devastating neurological handicaps. Early
detection of hypoxemia with pulse oximeter would lead to early correction of the hypoxemic
event (8).



Pulse oximetry displays a beat to beat value of blood saturated with oxygen from peripheral sites
as a surrogate marker for tissue oxygenation (10). It is considered as a “fifth vital sign” by
having a feature of standard, non-invasive assessment of oxygenation and lifesaving tool for

identifying children’s with early hypoxemia which cannot be detected clinically (9,11).

Because of the characteristic shape of the hemoglobin oxygen dissociation curve, a slight
reduction in oxygen saturation at the upper end of the curve corresponds to much larger
reductions in arterial oxygen tension. Thus an oxygen saturation of 90% has an equivalent
tension of no more than 60mm.Hg. In otherwise normal arterial blood, Hypoxemia, defined as an

arterial oxygen saturation <90% recorded by pulse oximetry (12,13).

Treatment for hypoxia and/or hypoxemia is to give additional oxygen to the patient as quickly as
possible. Techniques vary widely according to the patient's condition, but may include oxygen
by face mask or nasal cannula, mechanical ventilation (intubation) or other devices or medicines

to open airways (14).


https://www.medicinenet.com/endotracheal_intubation/article.htm

1.2 Statement of the problem
Hypoxemia is a common phenomenon and feared critical events during anesthesia and in the

recovery room following major surgery and has been documented even after minor procedure

under general anesthesia (15).

Reduction in functional residual capacity leading to increased shunting of blood through the
lungs, v/Q imbalance or the development of atelectasis and diffusion hypoxia and hypo-
ventilation due to central nervous system depression, or inadequate antagonism of neuromuscular

blockade is some causes of early postoperative hypoxemia (16, 17).

The incidence of significant desaturation in the post-anesthesia care unit (PACU) is significantly
greater 16.9-43.8% (18). At the cellular level, hypoxia has been shown to lead to acute heart
failure, pulmonary hypertension, and acute renal failure. Additionally, studies have
demonstrated that even modest fluctuations in oxygen delivery due to hypoxia-induced changes

in neural tissue may lead to cognitive dysfunction (6).

Early postoperative hypoxemia leads to cellular ischemia, which may delay recovery or lead to
organ dysfunction and increased morbidity and mortality. In addition, post hyperventilation
hypoventilation and the persistence of ventilatory depression produced by anesthetics and

neuromuscular blocking drugs may aggravate hypoxemia (19).

Before the widespread adoption of pulse oximetry in the 1980s and the establishment of
anaesthesia monitoring standards in the 1990s, hypoxemia was the leading cause of anaesthesia-
related mortality. Since then, anaesthesia-related mortality has dropped nearly 20-fold in
developed settings. Much of this decline is attributable to improvements in the safety of

anaesthesia administration and monitoring (6).

The severity of arterial desaturation and the incidences and duration of hypoxemia during the
early postoperative period are closely related to the surgical sites and that they are the most
pronounced for thoracoabdominal surgery, less for upper abdominal surgery, and least for
peripheral surgery suggesting close respiratory monitoring and oxygen therapy during the early
post-operative period (20).



The significance of even transient anoxia during anesthesia has been widely recognized for many
years but until recently the frequent occurrence of and potential danger of minor degrees of
prolonged oxygen desaturation during the immediate postoperative period has not been
appreciated. Postoperative hypoxemia has been intensively investigated and though the problem

is not solved yet (12).

More rapid and severe arterial desaturation is common in children than adults. Children have
greater basal metabolic rate and greater oxygen requirement. They also have lower lung static
recoil pressures and hence have more compliant thoracic wall than adults (21). As a result, their

awake functional residual capacities are lower than adults.



1.3 Significance of the study
Hypoxemia is a recognized risk factor for death &correlated with disease severity. It is often

overlooked in developing countries due to limited availability of pulse oximetry for more

accurate detection and oxygen for treatment and low accuracy of clinical predictors

Early postoperative respiratory complications are associated with significant cost and mortality
implications for patients. Postoperative episodic hypoxemia is understudied in surgical patients,
though have significant value in predicting the risk of early postoperative respiratory
complications. However the incidence in developed countries is even higher and in countries like
Ethiopia with resource and equipment issues being a major problem, and poor establishment of

post anesthesia care units, the problem would be more.

This study aims to answer which factors are more contributing for pediatrics hypoxemia
postoperatively. Study also attempts to answer which type of anesthesia techniques more
predisposes for pediatrics hypoxemia. To the best of our search published researches which can
be used as a reference could not be found in this country, which will make this study to be used

as a baseline for further country wide study.

Moreover the risk factors associated with early postoperative hypoxemia after general anesthesia

can be identified and the necessary precaution can be used by anesthetists.



Chapter two: Literature review

2.1 Incidence of hypoxemia
General anesthesia has mechanical and functional changes that have an effect on respiratory

system from anesthetic induction to postoperative period. GA reduces FRC with immediate
development of atelectasis through compression of lung tissue, absorption of alveolar air and

surfactant function impairment resulting V/Q mismatch, increased shunt and hypoxemia (22).

Children with active or recent upper respiratory infection are more prone to breath-holding,
severe cough, and arterial desaturations below 90% during recovery, especially if they have a
history of reactive airway disease or secondhand smoke exposure or have undergone intubation

and/or airway surgery (23).

A comparative study done in Beijing peoples republic of china in 1152 postoperative patients
from infant to adult with Younger patients showed lower SpO, levels and a higher incidence of
hypoxemia during the early postoperative period. The incidences of hypoxemia SpO; of 86%-
90% and severe hypoxemia SpO,<or=to 85% in the recovery room were 30.6% and 16.7%,
respectively, in age less than 1 year, 20.0% and 10.0% in 1-3 year age, 14.1% and 3.3% in 3-14
year of age , and 7.8% and 0.6% in 14-58 year old patients. A significant correlation was found
between low SpO, levels on admission to the recovery room and children's age (24).

A study done in china has shown an incidence of a 41% (31.4% hypoxemia Spo2 85-%90% and
9.6% severe hypoxemia with Spo2 <85%) early postoperative hypoxemia in patients undergoing

elective palatoplastic surgery shortly after arrival in the recovery room (0 minute) (25).

A prospective observational study in Deutschland on 2012 with 959 patients who undergone
broad spectrum of elective surgery under general anesthesia the SpO2 was measured at the end
of the transfer from the OR to the PACU immediately after the anesthetist who had taken care of
the patient during the operation had estimated the SpO2, has showed a 17% incidence of
Sp02 <90% and 6.6% a SpO2 < 85% (26).



A study done in london Royal hospital revealed The highest incidences of hypoxemia (Sao2<
90%) occurred in the immediate postoperative period (28% of patients) and in the post-waking
period (42% of patients on air and 14% on supplemental oxygen). The lowest recorded
saturations were 72% in the immediate postoperative period and 69%in the post-waking period
in children who breathed air (27).

A comparative study done in Brazil in 2005 with 882 patients who underwent elective surgery
aged 0-88 years of ASA I ,Il and Il has shown an incidence of 8.77%, 14.74% and 16.46% in
ASA 1, Il &Il patients respectively (28). Another cross sectional study in tikur anbessa hospital
in 2007 has shown an incidence of immediate post op hypoxemia of 22.7% in adults patients age

greater than 18 years (32).

A non-randomized prospective study in 110 ASA | or Il pediatric surgical outpatients
undergoing dental, minor opthalmological or urological procedures, tonsillectomies or
herniorraphy in Canada, Quebec in 1989 has shown a higher incidence of arterial desaturation <
90% in 35% of the patients (29).

The hospital of sick children in Canada university of Toronto done in 71 ASA | pediatrics
patients scheduled for minor surgery aged ranged from 3.5 month to 16.5 years shows an
incidence of 28.1% significant arterial desaturation of <90%, 15 patients 21.1% desaturated to
85-90% and five patients (7%) desaturated to less than 85% at time during transfer to the
recovery room withno contributing factors thus recommending Supplemental oxygen

administration during transfer to recovery room for every pediatric anesthetic (30).

A two single blinded observer study in Herlev hospital in 1994 done in 736 patients in the OR
and PACU shows mild hypoxemia (SpO2 86-90%) in 53% and 55% of the patients,
respectively. Severe hypoxemia with SpO2 values < 81% was recorded in 20% and 13% of the

patients, respectively (31).

A study in London has measured arterial oxygen saturation of 50 healthy children undergoing
dental extraction under general anesthesia and found a decrease in Spo2 of greater than 5 % of
the base line value in 70% of the patients and greater than 10% in 26% of patients (32).



Another observational study has showed a decrease in oxygen saturation less than 90% in 29
children(26.8%) & less than 80% in 7 children (6.4%) during induction of general anesthesia
from total of 108 children with age less than 14 years (33).

An observational study in South Australia between age of 2 days and 19 years 152 ASAI &l
pediatrics patients following general anesthesia for different procedures in 1988 has showed an
incidence of hypoxemia in 26% of the patients post operatively (34).

2.2 Associated factors for early post-operative hypoxemia

A cross sectional study in china done on 1998 shows Diazepam use, alveolar hypoventilation,
V/Q mismatch, decreased cardiac output, shivering, obstructive apnea and more complex

surgical procedures of palatoplasty has been shown to increase the incidence of hypoxemia (25).

An observational study in Deutschland in 2012 shows patient-dependent risk factors had the
strongest impact on hypoxemia. The use of opioids and relaxants with short duration of action
may have favorable effects on preventing hypoxemia and decreases of SpO,. Saturation before
induction of GA, body mass index, age, ASA physical status, mode of ventilation, the choice of
opioid and muscle relaxant as well as the use of nitrous oxide risk factors had the strongest

impact on hypoxemia (26).

A cross sectional study in brazil concluded that female patients, patients with ASA 11 and/or I,
the presence of general anesthesia and superior abdominal (gastro proctologic)(14.18%),
cardiothoracic(28.21%), and head and neck surgeries (18.18%) are important risk factors for
postoperative hypoxemia (28).

A prospective non randomized study in Quebec in 1989 has shown Otolaryngeological
procedures, lower age groups and upper respiratory tract infections increase risk of hypoxemia
(29).

An observational study in South Australia in 1988 showed intubation, use of muscle relaxants,
IV induction and duration of surgery greater than one hour were found to be correlated with an

increased incidence of postoperative hypoxemia (35).



An observational study in London shows Tracheal extubation followed by breath holding and

hypoventilation were anesthetic included risk factors another single blind observer study done in

Denmark in 1991in 296 inpatients shows greater incidence of hypoxemia with patient age and

anesthetic technique(27,36).
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Chapter three: objectives

3.1 General objective
» To determine the magnitude and associated factors of early post-operative hypoxemia in

elective pediatrics surgical patients at Tikur Anbessa specialized Hospital from October
26, 2019 to February 26, 2020.

3.2 Specific objective

» To determine the magnitude of early post-operative hypoxemia.

» To identify the associated factors of early post-operative hypoxemia.

10



Chapter Four: Method

4.1 Study Area
The study was conducted in Addis Ababa, the capital city of Ethiopia. With an area of 527

square kilometers and 10 sub cities, it is the largest city in the country. The city has 12

government hospitals.

TASH is chosen for this study because it is the only government hospitals in Addis Ababa in
which most major pediatric surgeries are performed. TASH is located in the nation’s capital
Addis Ababa, is Ethiopia’s largest referral hospital. It offers diagnosis and treatment for
approximately 370,000- 400,000 patients a year with nearly 2800 pediatrics surgeries are

performed annually.

4.2 Study design and Period
Institutional based cross-sectional study was conducted from October 26, 2019 to February?26,

2020.

4.3 Source of population
All pediatric surgical patients who underwent surgery at Tikur Anbessa hospital

4.4 Study population
All elective pediatric patients aged 1-14 who underwent surgery at Tikur Anbessa specialized

Hospital under the specified time period were included in this study.

11



4.5: Inclusion and exclusion criteria

4.5.1 Inclusion criteria
All ASAI and ASAII pediatric surgical patients undergoing general anesthesia aged 1-14years

4.5.2 Exclusion criteria
v’ preoperative documentation of existing airway (i.e. endotracheal tube or tracheostomy in

situ)
Age <1 year
preoperative ventilator dependence

patients with cardiac or lung disease

D N N NN

preoperative oxygen saturation <90%

4.6 Sample size and sampling technique:

4.6.1 Sample size determination

The sample size was determined using the single population proportion method by assuming that
50% of the patients have early postoperative hypoxemia (to obtain the maximum representative
sample size since no similar study was found in the area) with 95% confidence interval (CI) and
5% margin of error. Situational analysis of pediatric surgery was done on the 4 months before

the start of the study and averages of 128 procedures are done per month.
Early postoperative hypoxemia (p)=50%

Confidence Level = 95%

Margin of error =5%

After obtaining sample size of n=219 and adding 5%for incomplete data total sample size of
n=229 was obtained and systematic random sampling was used to choose patients by using skip
interval of K=N/n 510/229=2

Therefore, the sampling interval was two and the first study participant (random start) was
selected using lottery method from the daily pediatric surgery. Then, every second cases from the

daily pediatric surgery was included in the study during the study period

12



4.7 Study variables

4.7.1 Dependent variable

>

Early postoperative hypoxemia

4.7.2 Independent variables
Socio demographic

>
>

Age

Sex

Anesthesia and surgical

13
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ASA status

Type of induction

Type of maintenance

Type of anesthetic technique
Type of ventilation (controlled/spontaneous)
Premedication

Analgesics

Use of muscle relaxants
Post-operative Pain

Year of anesthetist experience
Time taken from OR to recovery
Type of surgery specialty

Type of operation

Duration of anesthesia

Duration of surgery



4.8 Operational definition
Duration of surgery: the time starting from incision to end of surgery (skin suturing).

Duration of anesthesia: the time starting from administration to end of anesthesia

Elective surgery: is surgery done before onset (appearance) of any complication that might

constitute urgent decision
Hypoxia : is defined by reduced level of tissue oxygenation (7).

Post anesthesia care unit: place where patient is admitted after surgery and anesthesia to be
followed by professionals

Early post-operative hypoxemia: Is defined as a drop in SpO, levels under 90% measured by
pulse oximetry for at least 30 seconds any time point at recovery within 20 min

post operatively (37).

Awake extubation: Removing ET tube/LMA after eye opening, facial grimace, movement other
than coughing, purposeful movement, adequate oxygenation, reversal of neuromuscular blockade
(40).

Deep extubation: The ET tube/LMA is removed before wake-up and before the return of upper

airway reflexes (41).
Premedication: Drugs given 20 minutes to three hours preoperatively (42).

Pain: yes for pain is >2 for wong baker faces and >3 for visual analogue score and no pain is <2

for wong baker faces and < 3 for visual analogue score (44).

4.9 Data collection procedure: After training the data collectors (2™ year MSc students
and Anesthesiology residents) data was collected from all eligible patients after consent was
taken from patient parents or caregivers. Medication, Co morbidity and medical history were
extracted from patient records and interview. Intra operative anesthesia and surgery related data
was obtained from the responsible anesthetist and from anesthesia chart. After the patient
transferred to PACU peripheral oxygen saturation was immediately recorded from 0 to 30

minute duration and pain assessment was done after patient got his/her consciousness . Pulse
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rate, respiratory rate and temperature were recorded. The lowest reading persisting for at least 30
second was noted. If the oxygen saturation was below 90%, the attending PACU nurse was

informed. Episodes of hypoxemic changes were recorded including the time they occurred.

4.10 Data quality assurance: Training was given for data collectors on the data collection
tool. Collected data were checked once a week for its completeness, clarity, consistency and
accuracy by the principal investigator. In case of missed measurement electronic data store of the

machines were recalled and back traced data was filled.

4.11 Data analysis: Data was coded, entered, cleaned and edited using Epi Info version 7
and exported to Statistical package for Social Sciences (SPSS) software version 22.0. Using
SPSS basic descriptive statistics like frequency was done for socio demographic variables and
prevalence of hypoxemic changes. Binary and multivariable logistic regression analysis were
done to determine presence of association between dependent and independent variables, and
odds ratio with 95% confidence intervals was used to determine the degree of association
between dependent and independent variables. Variables with a p-value less than 0.25 in the
binary logistic regression analysis were considered as candidates for multivariable analysis.
Multivariable analysis was performed to adjust for possible confounders and to come up with
significant predictors. Level of statistical significance was declared at p-value less than 0.05.

Both crude and adjusted odds ratio with 95% confidence interval were reported.

4.12 Ethical considerations: permission was obtained from Addis Ababa university ethical
committee before the start of the research. The hospital administrators received letters containing
objective and purpose of the research. Data collectors took informed consent orally from each
patient family to collect data. During the data collection process, Norms, values and morals of
patients were respected by data collectors.
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4.13 result dissemination plan
The copy of the research will be submitted to Addis Ababa University College of health science,

Addis Ababa city health bureau and student research office. The result will be presented to
department of Anesthesia as a part of MSc in advanced clinical anesthesia thesis, communicated
through annual students/staff research conference and annual national conference of Ethiopian
Anesthetist association. Moreover, efforts will be done to publish the findings of the study.

5. Results

5.1 Socio-demographic and surgical characteristics of patients
During the study period, data was collected from 229 patients. The mean (xSD) ages of the

patients were 4.4(x£3.189). Most of patients were ASA | with body weight ranging from 5 to 38
kg with all preoperative peripheral oxygen saturation of above 90%.

Tablel. Socio demographic and surgical characteristics of patients who underwent elective
pediatric surgery at TASH from October 26, 2019 to February 26, 2020 (n=229)

Variables Category Frequency (percent)
Age in years 1-7 180 (78.6)
8-14 49 (21.4)
Sex Male 153 (66.8)
Female 76 (33.2)
Type of surgery specialty General surgery 92 (40.2)
Urology 93 (40.6)
ENT 15 (6.6)
Orthopedics 29 (12.7)
Type of operation Laparascopic 27 (11.8)
Open 202 (88.2)
Duration of surgery < 60 minutes 112 (48.9)
>60 minutes 117 (51.1)
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5.2 Preoperative and intraoperative anesthesia characteristics
All the 229(100%) patients underwent surgeries under General Anesthesia. General anesthesia

with endotracheal tube for 196(85.6%) and laryngeal mask airway for 33(14.4%) was used.
Intraoperative anesthesia was maintained with volatile anesthetics (>=1minimum alveolar
concentration) for both halothane and isoflurane. Caudal analgesia using bupivaciane(1-2 ml/kg)
and neostigmine as an adjuvant were used for intraoperative as well as postoperative pain
control for 108(47.2%) and 11(4.8%) patients respectively.

Table 2. Preoperative and intraoperative anesthesia characteristics of patients who
underwent elective pediatric surgery at TASH from October 26, 2019 to February 26, 2020

(n=229)

Variables Category Frequency( percent)
ASA Class | 183(79.9)
Class Il 46 (20.1)
Hemoglobin <11 g/dl 72 (31.4)
> 11 g/dl 157 (68.6)
Patient condition before | Crying 129 (56.3)
induction
Comfortable 100 (43.7)
Type of anesthetic GAWIthETT 196 (83)
technique
GA with LMA 33 (11.4)
Type of ventilation Controlled 133 (58.1)
Spontaneous 96 (41.9)
Premedication Yes 111 (51.5)
No 118 (48.5)
Induction agent Propofol 109 (47.6)
Ketamine 55 (24)
Thiopentone 43 (18.8)
Ketofol 22 (9.6)
Maintenance Isoflurane 153 (66.8)
Halothane 76 (33.2)
Muscle relaxant Yes 167 (72.9)
No 62 (27.1)
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Intra-operative analgesia | Pethidine 63 (27.5)
Morphine 48 (21)
Fenatnyl 8 (3.5)
Non opioid 41 (17.9)
Caudal analgesia Bupivacaine 108 (47.2)
Bupivacaine+neostigmine | 11 (4.8)
Duration of anesthesia > 60 minutes 145 (63.3)
< 60 minutes 84 (36.7)
Experience of > 5 years 159 (69.4)
anesthetist
<5 years 70 (30.6)
Postoperative characteristics

Among 229 pediatric patients, 117 patients undergo surgery greater than an hour and 112

patients less than an hour. PONV was seen in58 patients post operatively.
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Figure 1. Postoperative characteristics of patients who underwent elective pediatric surgery

at TASH from October 26, 2019 to February 26, 2020 (n=229)

5.3 Incidence of hypoxemia
From the total pediatrics patients who undergo elective surgery under general anesthesia, the
Magnitude of early postoperative hypoxemia was 44.5%.

B yes

Eno

Figure 2. Incidence of early postoperative hypoxemia in pediatric patients who underwent
elective surgery under general anesthesia in TASH from October 26, 2019 to February 26,
2020. (n=229)
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5.4 Factors associated with early postoperative hypoxemia

5.4.1 Result of bivariate analysis

Binary logistic regression analysis was conducted to see the association between independent

variables and early post-operative hypoxemia. General surgery is 4.4[COR=4.4: 95%CI (1.51-
12.71) and open surgery is 3.17[(COR= 3.17: 95% CI (1.22-8.18)] times risk of developing
hypoxemia in early postoperative period.

Table 3. Socio-demographic and surgical factors associated with early post-operative
hypoxemia at Tikur anbessa hospital from October 26, 2019 to February 26, 2020. (n=229)

Category Hypoxemia COR 95%ClI p-value
Variables
Yes No
n(%) n(%)
Age in year 8-14 15(30.6%) 34(69.4%) |1
1-7 87(48.3%) 93(51.7%) | 2.12(1.08-4.16) 0.029
Type of Orthopedics 5(20.8%) 19(79.2%) |1
surgery
specialty General surgery 51(53.7%) 44(46.3%) | 4.40(1.51-12.71)** | 0.006
Urology 39(43.3%) 51(56.7%) | 2.90(0.99-8.46) 0.051
ENT 7(35%) 19(65%) 2.04 (0.53-7.87) 0.298
Type of Laparascopic 6(22.2%) 21(77.8%) |1
operation
Open 96(47.5%) 106(52.5%) | 3.17(1.22-8.18) ** | 0.017
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Anesthesia factors associated with early postoperative hypoxemia In pediatrics patients
undergoing surgery under general anesthesia at tikur anbessa hospital

Anesthesia related factors such as premedication, muscle relaxant, duration of surgery and

duration of anesthesia were observed.

Table 4. Anesthesia factors associated with early postoperative hypoxemia In pediatrics
patients undergoing surgery under general anesthesia at Tikur anbessa hospital from
October 26, 2019 to February 26, 2020. (n=229)

Variables Category Hypoxemia COR 95%CI p-value
Yes No
n(%) n(%)

ASA [ 76(41.5%) 107(58.5%) |1

I 26(56.5%) 20(43.5%) | 1.83(0.95-3.51) 0.070
Type of anesthetic | GA with LMA | 10(30.3%) 23(69.7%) | 1
Technique

GA with ETT 92(46.9%) 104(53.1%) | 2.03(0.92-4.49) 0.079
Premedication Yes 18(16.2%) 93(83.8%) |1

No 84(71.2%) 34(28.8%) | 12.7(6.7-24.2) ** 0.0001
Type of induction | ketofol 8(36.4%) 14(63.6%) |1

propofol 53(48.6%) 56(51.4%) | 1.65(0.64-4.26) 0.296

ketamine 13(23.6%) 42(76.4%) | 0.54(0.18-1.57) 0.261

thiopentone 28(65.1%) 15(34.9%) | 3.26(1.11-9.53) 0.030
Muscle relaxant No 14(22.6%) 48(77.4%) |1
used

Yes 88(52.7%) 79(47.3%) | 3.81(1.95-7.45)** | 0.0001
Duration of < 60 minutes 23(20.5%) 89(79.5%) |1
surgery

>60 minutes 79(67.5%) 38(32.5%) | 8(4.4-14.6)** 0.0001
Duration of < 60 minutes 7(8.3%) 77(91.7%) |1
anesthesia

>60 minutes 50(34.5) 95(65.5%) | 20(8.9-48.7)** 0.0001
Anesthetist > 5 years 25(35.7%) 45(64.3%) |1
experience

<5 years 77(48.4%) 82(51.6%) | 1.69(0.94-3.01) 0.076
Pain No 28(37.8%) 46(62.2%) | 1

Yes 74(47.7%) 81(52.3%) | 1.50(0.85-2.64) 0.159
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** Statistically significant

5.4.2 Results of multivariable logistic regression analysis
After excluding variables which doesn’t fit for the final model using P-value >0.25 in Likelihood

ratio test, multivariable analysis was performed. The result showed patients taking muscle

relaxant, taking no premedication and duration of surgery and anesthesia which takes greater

than one hour have a high risk of developing early postoperative hypoxemia.

Table 5. Anesthesia factors associated with early post operative hypoxemia in pediatrics
patients undergoing surgery under general anesthesia at Tikur anbessa specialized hospital
from October 26, 2019 to February 26, 2020. (n=229)

Variables Hypoxemia COR 95%CI | AOR 95 %ClI P-value
Yes No
n(%) n(%)

Age in year

8-14 15(30.6%) 34(69.4%) |1 1

1-7 87(48.3%) 93(51.7%) 2.12(1.08-4.16) | 2.25(0.67-7.64) 0.204
Type of operation

Laparascopic 6(22.2%) 21(77.8%) |1 1

Open 96(47.5%) 106(52.5%) | 3.17(1.22-8.18) | 2.26(0.48-10.60) 0.299
Premedication

Yes 18(16.2%) 93(83.8%) | 1 1

No 84(71.2%) 34(28.8%) | 12.7 (6.70-24.2) | 10.93(4.74-25.21)** | 0.0001
Type of
maintenance

Isoflurane 63(41.2%) 90(58.8%) |1 1

Halothane 39(51.3%) 37(48.7%) | 1.5(0.86-2.61) 2.25(0.82-6.20) 0.115
Muscle relaxant
used
No 14(22.6%) 48(77.4%) | 1 1
Yes 88(52.7%) 79(47.3%) | 3.81(1.95-7.45) | 3-13(1.13-8.64) 0.002
Anesthetist
experience
> 5 years 25(35.7%) 45(64.3%) |1 1
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<5 years 77(48.4%) 82(51.6%) | 1.69(0.94-3.01) | 1.98(0.71-5.55) 0.191
Duration of

surgery

< 60 minutes 23(20.5%) 89(79.5%) |1 1

>60 minutes 79(67.5%) 38(32.5%) | 8(4.40-14.6) 4.68(2.01-10.89) 0.0001
Duration of

anesthesia

< 60 minutes 7(8.3%) 77(91.7%) | 1 1

>60 minutes 50(34.5)  95(65.5%) | 20(8.90-48.7) 11.29(3.96-32.19) 0.0001
Pain

No 28(37.8%) 46(62.2%) | 1 1

Yes 74(47.7%) 81(52.3%) | 1.50(0.85-2.64) | 2.33(0.95-5.68) 0.062

** Statistically significant
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Patient who took muscle relaxant and develops

hypoxemia postoperatively has shown to be 52.7%.

In patients with Surgery lasting greater than an
hour and developing post-operative
hypoxemia has shown to be 67.5% .

muscle relaxant

 hypoxemia

normal

>60 minutes

® hypoxemia

= normal

Figure 3. Muscle relaxant use for pediatrics
surgery and early post-operative hypoxemia
in TASH from October 26, 2019 to February

26, 2020. (n=229)
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Figure 4. Duration of surgery >60 minutes
and early post-operative hypoxemia in
pediatrics surgery in TASH from October 26,
2019 to February 26, 2020 (n=229)



6. Discussion
Overall, No attempt was made to influence the type of premedication or anesthetic technique but

as long as was felt necessary by the anesthetist. Oxygen saturation was recorded on arrival in the
PACU. The lowest reading persisting 30 second was noted. If the oxygen saturation was below

90%, the attending PACU nurse was informed.

The magnitude of early postoperative hypoxemia In pediatrics patients was found to be 44.5%.
This magnitude is close to the result of a research conducted by giancario marcondes et al who
studies early post-operative hypoxemia in ASA | & Il age ranging from 0-88 years in which
incidence of moderate to severe hypoxemia is 39.2% (28). And almost the same result with Xue
Fs et al who did a comparative study in china between age groups of <1 year, 1-14 year and 14-
58 years and early post-operative hypoxemia incidence is 44.1% in children aged 1-14 years
(24,16).

A study in tikur anbessa hospital done on post op hypoxemia in adult patients found an incidence
of 22.7%. The gap of incidence may be attributed to the difference in age groups and technique
of anesthesia used. (32). The higher incidence of postoperative hypoxemia can be associated
with reduced functional residual capacity, hypoventilation and ventilation perfusion mismatch
and more over pediatrics having immature respiratory centers and smaller airways relative to a

large tongue volume are at increased risk of developing hypoxemia(33).

There is significant risk of early post-operative hypoxemia in patients who took muscle relaxant.
There was about 3 times risk [(AOR=3.13 CI(1.13-8.64)] to develop early post-operative
hypoxemia in reference to patients taking no muscle relaxant. This result is supported by
D.P.Tomkins who shows significance in patients taking muscle relaxant in his observational
study in south Australia in 152 children aged between 2 days and 19 years (34). The reason for
this result can be residual neuromuscular blockage, impaired gas exchange as muscle of chest
walls got reduced tone and alteration of bronchomotor and vascular tone changes persist in the

post-operative period (38).

Early post-operative hypoxemia was significantly high in surgeries more than an hour and
anesthesia time greater than one hour with [(AOR 1.75-11.55)] and[ (3.37-30.8)] respectively

with 4 and 11 times risk for both surgery and anesthesia. This result is in line with Richard w
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morris et al and D.P.Tomkins who reported higher risk of hypoxemia in longer duration of
anesthesia and surgery(34). The reason for this might be as surgery and anesthesia time
increases, there will be substantial atelectasis in combination with hypoventilation and
ventilation perfusion mismatch in post anesthesia care unit which causes pulmonary shunt and,

therefore, undoubtedly contributes to the impairment of gas exchange (39).

Significant association is also found in patients who take premedicant drugs. Patient who did not
take premedication are observed to have 10 fold risk [AOR 10.93; 95%ClI; (4.74-25.21)] of
developing early post-operative hypoxemia. This result is supported by a study made by G.J.A
laycock et al who did an observational study in London on 108 children aged 10 days to 14
years. The children who had no premedication were significantly more likely to be anxious or
screaming in the anesthetic room and to have larger decreases in saturation. Much debate
continues about the most suitable premedication for children. Sedative premedication resulted in
the best pre-induction conditions and the lowest incidence of hypoxemia (27).
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7: Conclusion and Recommendations

7.1Conclusion

The findings of this study have shown that overall magnitude of early postoperative hypoxemia
was 44.5% in pediatrics patients who underwent elective surgery at Tikur anbessa specialized
hospital.

It was also found that use of muscle relaxant, not to use premedication, surgery and anesthesia
duration greater than one hour are associated with early postoperative hypoxemia.

7.2 Recommendations
Based on the findings of the present study, the following recommendations are forwarded:-

» Anesthetists should use necessary precaution for patients with long duration of surgery

and anesthesia.

\4

Attention should be given for patients who took muscle relaxant.
» Considering this as a baseline we recommend a further long term multicenter study with

large sample size.

8. Strengths and limitations of the study

8.1 Strengths
> It addresses pediatrics Peri-operative factors which can be a baseline data for researchers

8.2 Limitations
> Patient oxygen saturation during transportation from OR to PACU is not included

» ltis asingle center study; therefore, this result cannot be generalized to other centers
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Annexes

Annex 2: Information Sheet (English version)

Addis Ababa University College of Health Sciences

School of medicine

Department of Anesthesia

Consent form

Hello, my name is and | am a data collector for research aimed at assessing

the incidence of early post-operative hypoxemia and factors associated with early post-operative
hypoxemia. Since the study is not linked with any financial aid there is no direct incentives paid
as a result of you taking part in the study. However, your legitimate participation in filling the
questionnaire with real information is very important and highly appreciated.

| would like to assure you, that your children name will not be written on this form and all the
information gathered will be kept strictly confidential.

You can decide whether you want to take part in the questionnaire or not. |1 would like to assure
you that there are no negative impacts you face because of not taking part in the study. Please

feel free to ask any questions data collector nearby.

You can also contact principal investigator with address below:
1. rebkaa.ketemaa@gmail.com +251913392634

We appreciate your response to us and thank you for giving us your time.
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Annex 3: Information Sheet (Amharic version)

Phag.0aN0 &LNCHL
PUN°S AG MS AR7I0 hAE
PaINEICE T/

ma SOTAT A ANAA U haTear? Qu-PA 0P 8 0970 QAT
e gL ehhaET wmr AMMT AL P9L04 TG avlE ANAN 175 TGk ARCH 939
alht 1IN TP ALOTEIS 1ICTT PTS+E @-mt (Vh9°s HCE AL PAT7
TACT AovPLG AG CFNTLPTT LU C9LLLIIM VT ATANThhA AST ¢
AL AT8.@A POhA7 ANTPOP fNLhZA:: N9°P NV TST AL ALIRI:
NANLVI®  PACH 9°ATT 2L0Té4-RirE FhmOe  10::NHY oom&P AL AovA+§
aN79Y+9° P AAae 9197 2T AN DA77 9°39° P9L15% 1 11C PAI°::

go39°  ALYT TLE NALT ¢Th MFUEO ALEH FovlTIi@T I
XY

1. c0g ntor (PGS +avd-214)

A2 80 -rebkaa.ketemaa@gmail.com AAn +251913392634

Naom@ e NavN?77+ hdN hav\IS5AU-::

faol% ONAN 09°G 4C7

age &CM 7
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Annex 4: Questionnaire
Addis Ababa University College of Public Health and Medical Science

School of Medicine Department of Anesthesia

INFORMATION SHEET Code

Hello

My name is Rebka Ketema. | am a researcher and | have been attending postgraduate program in
the field of Anesthesia at Addis ababa university. | am going to conduct research to assess the
magnitude and associated factors of early post-operative hypoxemia in pediatrics surgical
procedures at Tikur Anbessa specialized Hospital from October 26, 2019 to January 24, 2020
G.C. The information going to obtained will help the government and other responsible bodies to
reduce early post-operative hypoxemia complication which helps to reduce mortality and
morbidity . Your participation is very valuable for the success of this project. .Also be mindful
that whatever we will get here is for research purposes only and the information will not be used
by any other person apart from this research and therefore,confidentiality cannot be guaranteed.

However, your names will not be mentioned or be attached to anything that you say.

Do yo want to continue yes--- No- (Thank you in advance for your help!)
Name and contact address of invesigators

Rebka ketema Email rebkaa.ketemaa@gmail.com Cell phone +251-913-39-26-34
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Part 1. Identification:

1.1. Ward 1.2. Bed no. 1.3Patient MRN

1.4 Age (in year) 1.5. Sex: A.Male B. Female
Part 2. Preoperative Data

2.1. Diagnosis Planned procedure

2.2Body weight Kg 2.3 Height (cm)

2.4 Coexisting disease:
A. Upper Respiratory Tract Infection (yes if at least 2 symptoms are recognized)
I. Sore throat Il. Rhinorrhea I11. Congestion IV. Non productive cough

V. Fever (T°38°C)

B. Congenital disease (Musculoskeletal/Neurologic)
C. OSA(Obstructive sleep apnea)

D. Nasal polyps

E. Bronchial asthma

F. Hepatitis / HIV/AIDS

G. Other (Specify)

2.5 Preoperative Hgb g/dL or Hct. %

2.6 ASAstatus: A.1 B.Il C. Il D.IV

2.7 Urgency of surgery A. Elective B. Emergency
2.8Patients condition before inductionA. Crying B. Comfortable

2.9Premedication
i. Route of administration
ii. Dose in milligram/ microgram

Part 3.Operative procedure

3.1Surgery type I. General Surgery(specify)
I1. Orthopedics (specify)
I11. Urology surgery(specify)
IV. Neurosurgery(specify)
V. ENT (specify)

V|1.0Others (specify)

3.2 Type of operation I. Open I1. Laparoscopic
Part 4.Intraoperative characteristics
4.1. Induction agent A. intravenous mg
B. inhalational agent
4.2 Maintenance  A. Intravenous
B. inhalational
4.5 Muscle relaxant used. Induction mg.
Maintenance mg
4.3 Type of anesthetic technique
A. GAWwithETT B. GA with LMA C. GA with Mask
4.4 Type of respiration
A. Controlled B. Spontaneous
4.5 Duration of surgery (Time in minutes)
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4.6 Intraoperative blood loss (ml)
4.7 Intraoperative IV fluids (ml)
4.8.Intraoperative complication (specify)




4.9 Intraoperative Analgesia medication

A. Route B. dose in milligram/microgram
4.10 Type of Extubation A. Deep B. Awake
4.11 Neuraxial/Nerve block i. Type of drug
dose
4.12 Anesthetist Level of education
A.BSC B. MSC student
C. MSC holder D. Anesthesiologist
4.13 Anesthetist experience years

4.13 Time taken from OR to recovery

4.14 Postoperative pain assessment
For age group betweenl-7 FLACCscore
For age group between 8-14 VAS score

Figures: Tools Commonly Used to Rate Pain
Visual Analogue Scale

Choose a Number from O to 10 That Best Describes Your Pain

ASK PATIENTS ABOUT THEIR PAIN

INTENSITY —LOCATION —ONSET —DURATION —VARIATION —QUALITY

No Distressing Unbearable
Pain Pain Pain

i t t t t T i t ¥ 1 i

O 1 2 3 a S (=3 7 8 o 10

~“Faces™ Pain Rating Scale

2

S N S —_— e~

&3 ©.9) [©S) (SN s> -

N oo — =5y —
(o] 1 3 a s

NO HURT HURTS HURTS HURTS HURTS HURTS
LITTLE BIT LITTLE MORE EVEN MORE WHOLE LOT WORST
4.15Was there Post-operative nausea vomiting? I. Yes I1. No
4.16 Temperature in °C
5. Post anesthesia care unit hypoxia evaluation
Hemodynamic | Time in minute
variables 0 1 2 3 4 5 10 15 20 25 30
SP02%
HR
BP
RR
Key - SPOjperipheral saturation HR heart rate  BP blood pressure  RR respiratory rate

5.2 What was done when the patient desaturated
A. Administration of oxygen by mask
B. Administration of oxygen via nasal cannula
C, Re-intubation D. Other (specify)
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