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Background: Unplanned extubating is the most common adverse event occurring in intensive care units (ICUs) and significantly
increases morbidity and mortality in children, but there is limited current evidence on unplanned extubating in Ethiopia. Therefore, this
study aimed to determine the incidence, outcome, and determinants of unplanned extubating among children in the pediatric intensive
care unit in Addis Ababa, Ethiopia, in 2023.

Methods: A nested unmatched case—control design study was conducted at selected government hospitals in Addis Ababa from
September 1, 2022, to April 30, 2023. A total of 198 intubated child patients (66 cases of unplanned extubating were nested with 132
controls of planned extubating) were followed up until they completed the full weaning process or based on hospital protocols. Data
was collected through standardized data extraction, and the data was cleaned, entered into Epidata version 4.6, and exported to SPSS
version 25.0 for further analysis. Binary and multiple logistic regression analyses were used to identify determinants of unplanned
extubating, with an adjusted odds ratio (AOR) of 99% confidence interval (CI) at p value <0.01.

Results: The study revealed a high mortality rate of 15.65% among intubated children in pediatric intensive care units, and the
incidence of unplanned extubating was 7.2 per 100 days. This study identified determinants of unplanned extubating among patients
admitted to the pediatric intensive care unit: agitated patients (AOR = 3.708; 99% CI: 1.401-9.81), working in night shift hours (AOR:
8.789; 99% CI: 2.37-32.58), use of plaster or roll bandages separately (AOR = 4.12; 99% CI: 1.215-13.96), A nurse-to-patient ration
1:2 (AOR: 6.65, 99% CI: 1.87-23.69), intermittent sedation (AOR, 3.717; 99% CI, 1.017-10.816), physically restrained (AOR =
3.717; 99% CI: 1.02—13.54), and death outcome (AOR = 14.86, 99% CI: 3. 24-68.097), respectively.

Conclusion and Recommendations: This study found that the incidence and mortality rate of unplanned extubating were high,
with identified determinants increasing the risk of unplanned extubating among patients admitted to pediatric intensive care unit.
Therefore, policymakers and health planners should design further protocols and algorithms for the management of pediatric
endotracheal intubation (ETT) quality of patient outcomes and to prevent unplanned extubating in a resource limited set up.

Plain Language Summary: Unplanned extubating is a common adverse event in intensive care units that affects critically ill patients and
increases morbidity and mortality rates. This study aimed to identify the determinants of unplanned extubating among children in Addis
Ababa, Ethiopia, in 2023. This follow-up, unmatched case—control study included 198 intubated children, with 66 cases and 132 controls.
The study used binary and multiple logistic regression analyses to identify determinants of unplanned extubating, and the Kaplan—-Meier
curve to determine survival outcomes. This study determined that the incidence of unplanned extubating was high, with identified
determinants increasing the risk of unplanned extubating among patients admitted to pediatric intensive care units, such as agitation,
night shift, intermittent sedation, endotracheal tube (ETT) taping by plaster or roll bandage separately, physical restraint, and the type of
endotracheal tube (uncuffed). Therefore, policymakers and healthcare planners should consider these determinants during pediatric care unit
training and guideline development for pediatric endotracheal intubation (ETT) mechanical ventilation outcomes.
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Introduction

Airway management has been a concern for clinicians because of remarkable advances in airway management in recent
years. As a result of the development of life-threatening conditions, endotracheal intubation and mechanical ventilation
(MV) have become routine practices in pediatric intensive care units (PICU)."

Unplanned extubation (UPE) is a frequent event after endotracheal intubation for respiratory support in critically ill
patients and is associated with increased morbidity and mortality, as indicated by most studies.” Unplanned extubation
involves unintentional and uncontrolled dislodgement of the patient’s breathing tube, which occurs outside the weaning
process and leads to life-threatening hypoventilation and hypoxia.® As the study shows that in general endotracheal tube
usage is associated with several complications.*

Planned extubation was performed when patients were weaned off the ventilator by reducing mandatory breaths and
pressure support by a measure of two spontaneous breathing trial was initiated when pressure support 8§ cmH,O,
mandatory breaths 8/min, FiO, <50%, positive end expiratory pressure 4—5 cmH,O on the MV, hemodynamically stable,
and other conditions fulfilled per our ICU protocol.”

Globally, the incidence of UPE is estimated to be 3—16% in mechanically ventilated children in the intensive care unit
(ICU) setting.? A prospective, case-controlled multicenter study conducted in the United States showed that 189 UPE
cases occurred after 25,500 endotracheal tube days or 0.74/100 days, with 654 associated controls. The UPE rates ranged
from 0.3 to 2.1 per 100 endotracheal days. Age <6 years increased the rate by 0.4, and 60% of UPE need re-intubation.’

Another related study in London, UK, showed that the incidence of unplanned extubation was 0.8 per 100 ventilator
days or 243 UPE in 12,585 ventilated patients, and the rate of reintubation among children with UPE was significantly
higher than planned extubation (50% vs 10%), with a trend toward high mortality (3% vs 1.3%), respectively.8

A study in South Africa of 233 intubated patients was conducted in both adult and pediatric ICU during the six
months study period. Twenty-four patients (10.3%) experienced an unplanned extubation. Six of the 24 patients (25%)
were re-intubated for respiratory failure, the event was more frequent in children.’

In a study conducted in Addis Ababa, Ethiopia, on characteristics and outcomes of mechanically ventilated pediatric
patients, unplanned extubation accounted for 1.4% out of 202 patients.'® A study in Southern Ethiopia on the factors
affecting prolonged intensive care unit stay showed that unplanned extubation was strongly associated with prolonged
ICU stay."

The determinants of unplanned extubation include agitation, endotracheal tube (ETT) manipulation, prolonged
mechanical ventilation (MV), lack of physical restraint, previous UPE events, procedures prior to UPE, sedation concern,
endotracheal tube type and nurse—patient ratio.®'* Most studies have shown that unplanned extubation can cause serious
adverse events, including hemodynamic instability, increased duration of mechanical ventilation, ICU length of stay, and
complications from re-intubation (risk of cardiopulmonary resuscitation, tracheostomy, and death).”-%!%:!3-14

The primary objective of this study was to identify determinants of unplanned extubation in pediatric care unit. This
study also addressed the following questions, what are the determinants of unplanned extubation? What happens after
UPE? What is its incidence in the pediatric intensive care unit (PICU)?

This is very important and the cornerstone for improving the quality of service and decreasing the mortality rate of
mechanically ventilated children. To the best of our knowledge, this is the first study on unplanned extubation and its
determinants in Ethiopia. Therefore, at the end of this study, patients will benefit from improvement in endotracheal tube
(ETT) care to prevent UPE, and it can avoid or minimize intubated patients from disability and death caused by UPE.
Additionally, hospital staff members will benefit from the research result by gaining knowledge, especially regarding the
determinant factors of UPE and used as input data for UPE interventions implementations. This study also helped to
clearly define the problems related to the use of mechanical ventilators and to provide information about the outcomes of
UPE and can also serve as a baseline for any large-scale study conducted at university level.
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Conceptual Framework
This conceptual framework was developed by reviewing literature that is previously published on a particular subject

3,6-8,15,16

from reputable sources, which measured the objectives of this study seed details in Figure 1.

Methodology

Study Area and Period

The study was conducted at St. Paul’s Hospital Millennium Medical College and Yekatit 12 Hospital Medical College
from September 1, 2022, to April 30, 2023, in 8 and 4 bedded pediatric intensive care units (PICU) in two hospitals
respectively in Addis Ababa (Ethiopia’s capital city).

St. Paul’s Hospital was established in 1969, with the help of the German Evangelical Church to serve the poor. The
school opened and became a higher education institution in 2007Gc under the Ethiopian Federal Ministry of Health
(EFMOH), which is the largest specialized hospital in Ethiopia. It provides a tertiary-level referral hospital with over 700
beds and serves as the training center for undergraduate and postgraduate students. The pediatric intensive care unit
(PICU) is located in the new MCH building on the fourth floor, with eight beds, and treats 300-350 children annually.

The Y12HMC, established in 1915, began its service with 25 beds. Since 1987, this hospital has been governed by the
Addis Ababa City Administration Health Bureau; in 2003, it was named the Y12 Hospital Medical Science College and
served more than 5 million people in the catchment area. The paediatric intensive care unit (PICU) was established on
January 23, 2011, and was found on the fifth floor of the new building. It is the first paediatric ICU from the six hospitals
of AACHB. They have four beds and nearly 180-200 children are admitted annually.

Study Design

Nested unmatched case—control study design was conducted in the pediatric intensive care unit from September 1, 2022,
to April 30, 2023. A total of 198 patients (66 cases and 132 controls) were consecutively admitted to the pediatric
intensive care unit (PICU) and met the following conditions: age between 1 month and 14 years and need for invasive
mechanical ventilation for at least 12hrs. Patients with tracheostomy and those who died on a mechanical ventilator
without planned or unplanned extubation were excluded.

Patient factors Health care factors

» Cause of admission

» Weaning practice
> Prolonged MV » Nurse patient ratio
> His.tor.y of UPE > Shifting hour
> Agitation » Nursing procedures
» Taping practice
» Endotracheal tube (ETT) type
» Route of intubation
H » Physical restraint
Sociodemographic i l\é[:g:t;imv
characteristics Unplanned <:J » Endotracheal tube manipulation
> Age — extubation » Suctioning
» Sex

[

e Prolonged PICU stay
e Increased mortality
e Prolonged MV need

Figure | Conceptual framework: Determinants of Unplanned extubation (UPEs) among pediatric intensive care unit Addis Ababa, Ethiopia 2023.
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Sample Size Determination

The sample size is calculated by inserting different predictors of unplanned extubation variables from a previous case—
control study by using Epi-Info version 7.2 (1:2 cases-to-control ratio) with the assumption of 99% confidence level, 80%
power of the test. The maximum sample size obtained was 201, with 134 controls and 67 case participants with 10% non-
response rate.

Methodology for Selection of Cases and Control

All pediatric patients admitted in the two public teaching hospitals who was intubated, were included in the follow-up up
to facing the event then if the patient faced unplanned extubation find the determinants based on the data collection tool
retrospectively and follow the outcome up to leaving the PICU and two controls (planned extubation) selected with the
following of one case conveniently during data collection time, and the hospital was selected by lottery method from
having of organized pediatric (PICU) in Addis Ababa public hospitals seed details in Figure 2.

Data Collection
For avoiding missing data, data were collected at the time of the event by classified into three sections. First, clinical
characteristics, such as age, sex, diagnosis on admission, MV duration, severity, and outcome, were recorded for each
patient. Second, daily monitoring was conducted at the bedside by the attending physician and nurses, who noted
numerous clinical and therapeutic data, such as tracheal tube type and fixation used, ventilator support mode, use of
intravenous sedation, route of intubation, and patient mobility, from daily physician-revised notes and hourly nursing
follow-up sheets and finally, every time a UPE event occurred, a specific questionnaire was immediately delivered and
completed by an attending physician or nurse. Time, date, mode of ventilator support, sedation, nurse-to-patient ratio, and
specific circumstances. After UPE, the following complications were recorded: re-intubation, cardiopulmonary resuscita-
tions, other complications, and death.

For the above data collection processes, two data collectors were prepared for each hospital working in the pediatrics
intensive care unit (PICU) during the study period.

Operation Definitions
Planned extubation (PE) (control) was defined as admission to the pediatric intensive care unit, intubation equal to or
greater than 12 hours, and removal of the endotracheal tube after a physician’s order, according to hospital policies and
procedures.

Unplanned extubation (UPE) (case) is defined as the premature removal of an endotracheal tube by healthcare
professionals, caregivers, or patients itself.

Reintubation is defined as replacement of the endotracheal tube within 24 hrs. of planned extubation (PE) or

unplanned extubation (UPE).
Selected governmental
hospitals

SPHMMC Y12HMC
Total admission = 260 Total admission = 129
>12 h need of MV = 149 >12 h need of MV = 92
Case= 43 Control = 86 Case = 24 Control= 48

;l Total =201

Figure 2 Sample size and distribution of patients admitted and intubated in pediatric intensive care unit (PICU), Addis Ababa. Ethiopia 2023.

350 https: Pediatric Health, Medicine and Therapeutics 2023:14

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Mekonnen et al

Agitation is defined as excessive restlessness/excitement and increased motor activity before event.

Sedation is defined as a state of depression. Awareness of the environment and reduction of his or her responsiveness to
external stimulation were prescribed by the physician for intubation for b Endotracheal tube (ETT)er synchrony with MV. In
children, the order can be: Continuous (on continuous IV infusions of sedation before UPE) or intermittent sedation included BID,
daily, QID, or a specified interval of time, endotracheal tube (ETT), and PRN (at any time the patient becomes awake or agitated).

Data Quality Assurance

A properly designed and structured data abstraction tool is used. The data collectors were health professionals or
pediatric intensive care unit (PICU) nurses for better understanding and interpretation of the patients’ medical charts and
follow-up sheets and additionally it provides a one-day training about the overall data collection process. A pre-test was
carried out using 5% of the estimated sample at Yekatit 12 Hospital Medical College for its clarity, understandability, and
completeness of the tool. Some parts of the collection tools have been revised and adjusted.

Data Analysis
The data were checked for completeness and consistency, cleaned, coded, entered using EpiData version 5.4, and
exported to the SPSS software version 25 for analysis.

A chi-squared test was performed to determine the association between independent and dependent variables. Hosmer
and Lemeshow were used to test the model fitness. Multicollinearity was assessed using the variance inflation factor.
Bivariate binary logistic regression and multivariable binary logistic regression analyses were performed to assess the
association between outcome and independent variables. On bivariate logistic regression analysis, a P-value <0.0.01 was
considered a candidate for multivariable binary logistic regression analysis.

Multivariable logistic regression analysis was performed to identify independent determinants of unplanned extuba-
tion. Crude odds ratio (COR) and adjusted odds ratio (AOR) were determined. An AOR with 99% confidence interval
(CI) was computed to identify the presence and strength of associations, and statistical significance was set at P < 0.01.

Results

Socio-Demographic Characteristics

A total of 389 patients were admitted to the pediatric ICU, of whom 241 were intubated for more than or equal to 12
h and underwent both PE and UPE extubation from September 1, 2022, to April 30, 2023. A total of 198 (132 controls
and 66 patients) were included in this study, with a 98.5% response rate, which is acceptable because we added 10%
attrition rate. There were 96 unplanned extubation events were observed in the 66 patients. Of these 66 children, each of
the two patients experienced six unplanned extubations, other each two patients had three unplanned extubations and the
other six patients had two unplanned extubations. The minimum age of facing unplanned extubations was one month, and
the maximum age was 168 months (14 years), with a mean age of 27.31 months, a median age of nine months, SD: 38.9
and 116 (59%) of admissions to the pediatric intensive care unit (PICU) were male.

The incidence of unplanned extubations among children in the pediatric intensive care group was 39.8/100 (96/241)
per person-day; in other words, the patients were ventilated for a total duration of 1321 days within the incidence of (7.2
UPE per 100 intubation days. The analysis was performed on 132 controls and 66 single cases (UPE)).

The most common causes of admission to the pediatric intensive care unit (PICU) were respiratory problems (mean, 49%),
sepsis (32%), and neurological problems (10%), and cardiovascular problems accounted (7%). All patients with unplanned
extubations had been orally intubated, no patients in the unit intubated nasally, and 187 (94.4%) of patients intubated with
cuffed endotracheal tube (ETT). The patient-to-nursing ratios varied between 1:1 and 2:1. The most common type of
mechanical ventilator mood was spontaneous intermittent mandatory mechanical ventilation (SIMV) used by 75.7% and
next 12 (6%) was pressure regulated volume control ventilation (PRVC) but not significantly associated with UPE.

Of the total planned and unplanned extubated patients, 59 needed re-intubation, 46 (69.7%) vs 13 (9.85%) after UPE and
planned extubation (PE), respectively. Of the 59 patients, 20 of them needed re-intubation within 1 h, 20 patients needed re-
intubation + CPR + cold medications, 8 faced difficulty in re-intubation, and 11 pts need re-intubation after 1 h. See Table 1.
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Table | Socio-Demographic Characteristics and Circumstances of Unplanned Extubation Among
Children in Pediatric Intensive Care Unit, Addis Ababa, Ethiopia from Sep 2022 to Apr 2023

Variables All (N 198) Controls (n 132) UPE Cases (n 66)
Gender
Male 116 (58.58%) 74 (56.06%) 42 (63.63%)
Female 82 (41.41%) 58 (43.94%) 24 (36.36%)
Age
< 6 months 69 (34.8%) 43 (32.6%) 26 (39.39%)
6—12 months 44 (22.2%) 29 (21.97%) 15 (22.72%)
1372 months 61 (30.8%) 44 (33.33%) 17 (25.8%)
>72 months 24 (12.1%) 16 (12.12%) 8 (12.12%)
Ad. Dx
Sepsis 64 (32.32%) 41 (31.06%) 23 (34.84%)
Respiratory 97 (48.98%) 64 (48.48%) 33 (50.0%)
Cardiovascular 14 (7.1%) 11 (8.33%) 3 (4.5%)
Neurologic 20 (10.1%) 14 (10.6%) 6 (9.2%)
Trauma 3 (1.5%) 2 (1.5%) I (1.5%)
ETT location;
Corner of mouth 195(%) 132(100%) 63(95.45%)
Center of mouth 3(%) 0(0.0%) 3(4.54%)
Mood:
SIMV 150(75.7%) 97(73.5%) 53(80.3%)
PRVC 25(12.6%) 20(15%) 5(7.6%)
CPAP 13(6.6%) 8(6%) 5(7.6%)
AC 10(5%) 7(5.3%) 3(4.5%)
Phase;
Acute/stable vent. Setting 52(26.26%) - 52(78.8%)
Weaning vent. Setting 14(7.07%) - 14(21.2%)
Weaning completed 132(66.67%) 132(100%) -
Severity;
Re-intubation within |hr 20(10%) 5(3.8%) 15(22.72%)
Re-intubation +CPR + drug 20(10%) - 20(30.3%)
Re-intubation after | hr. 11(5.56%) 8(6.06%) 3(4.55%)
Difficulty of re-intubation 8(4.04%) - 8(12.12%)
No need of re-intubation 139(70.2%) 119(90.2%) 20(30.3%)
LOS. MV
<5 days 102 (51.5%) 68(51.5%) 34 (51.5%)
5-9 61 (30.8%) 43 (32.6%) 18 (27.3%)
10-14 24 (12.12%) 15 (11.36%) 9 (13.6%)
15-19 7 (3.5%) 3 (2.3%) 4 (6.06%)
220 4 (2.02%) 3 (2.3%) 1(1.5%)
LOS PICU
<7 days 98 (49.5%) 67 (50.8%) 31(47.0%)
7-14 79(39.9%) 54(40.9%) 25(37.9%)
14-21 Il (5.56%) 6 (4.5%) 5(7.6%)
=21 10 (5.05%) 5 (3.8%) 5(7.6%)

Abbreviations: MV, Mechanical ventilation; PE, Planned extubation; PICU, Pediatrics intensive care unit; TT, Tracheostomy
tube; UPE, Unplanned extubation; SIMV, spontaneous intermittent mandatory mechanical ventilation; PRVC, pressure-
regulated volume control ventilation; LOS, length of stay.

352

https:

Dove!

Pediatric Health, Medicine and Therapeutics 2023:14


https://www.dovepress.com
https://www.dovepress.com

Dove Mekonnen et al

The minimum stay on mechanical ventilation was 2 days, and the maximum was 30 days, with a mean of 6.67 days,
a median of 5 days, and an SD of 4.3. The minimum pediatric intensive care unit stay was 2 days, with a maximum of 40
days, a mean of 9, a median of 8, and an SD of 5.8 days. Of the total 198 patients, 89% of the patient stayed in pediatric
intensive care unit less than 14 days and 94% of the patients were mechanically ventilated for less than 14 days. See
Table 1

Of the total 66 cases, 78.8% of UPEs occurred during acute endotracheal tube (ETT) and the remaining 21% occurred
at the time of weaning endotracheal tube (ETT). Twenty-four (36.4%) UPEs occurred at night. Thirty-one (46.97%)
UPEs occurred at the time of different nursing procedures like endotracheal tube (ETT) adjustment 8 (12%), suctioning 5
(7.6%), positioning 4 (6%), hand-over/round 7 (10.6%), line placement,1 and other 6 (9%) during new patient admission.
See Figure 3.

Determinants of Unplanned Extubations
The multivariate logistic analysis was performed using the significant variables in the binary logistic regression, and
various determinant factors of UPE were differentiated under the model of (higher Hosmer—Lemeshow test, P=0 0.649).

Agitated infants and children were 3.7 times more likely at risk of unplanned extubation compared to infants and
children who were not agitated (AOR = 3.708; 99% CI: 1.401-9.81).

Working in night shift hours was 8.8 times more likely to result in unplanned extubation than working in day shift
(AOR: 8.789; 99% CI: 2.37-32.58).

The use of plaster or roll bandages separately for endotracheal tube fixation or taping was four times more likely at
risk of unplanned extubation compared to taping with both plaster and roll bandages together (AOR = 4.12; 99% CI:
1.215-13.96).

This study also found that patients intubated with an uncuffed endotracheal tube were six times more likely to
undergo unplanned extubation than those intubated with a cuffed endotracheal tube (AOR: 6.45; 99% CI: 1.275-32.62).

A nurse-to-patient ration 1:2 was 6.65 times (AOR: 6.65, 99% CI: 1.87 —23.698) more likely at risk to faced
unplanned extubating than those the nurse-to-patient ration of 1:1 at a time of event.

Infants and children who were intubated and received intermittent sedation were three times more likely to develop
unplanned extubation than those who received continuous sedation (AOR, 3.717; 99% CI, 1.017-10.816).

Infants and children who were physically restrained during mechanical ventilation were 3.7 times more likely at risk of
developing unplanned extubation compared to those who were not physically restrained (AOR =3.717; 99% CI: 1.02-13.54).

Finally, infants and children who had died were 12.82 times more likely to have unplanned extubating compared to
those who were alive and discharged (AOR = 14.86, 99% CI: 3.24-68.097). See Table 2.
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Figure 3 Producers Aactivities at a time of unplanned extubation at the selected public hospital in Addis Ababa City, Ethiopia, 2022.
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Table 2 Determinants of Unplanned Extubation Among Children in Pediatrics Intensive Care Unit in Addis
Ababa, Ethiopia, 2023

Variable Controls=132 | Cases=66 COR (99% CI) AOR (99% CI) P-value

Agitation;
Yes 43 (32.6%) 45 (68.2%) 4.286 (1.868-9.833) 3.708(1.401-9.81) 0.00 |#¥*
No 89 (67.4%) 21(31.8%)

Shift
Day 123 (93%) 45 (68.2%) 6.378 (2.081-19.548) | 8.789 (2.37-32.58) 0.000%#*
Night 9 (7%) 21 (31.2%)

Taping;
Both 119 (90%) 46 (69.7%) 3.980 (1.434-11.046) | 4.12(1.215-13.96) 0.003**
RB/Plaster 13 (10%) 20 (30.3%)

Staffing
I: 1 131(99.3%) 43(65.2%) 4.172 (1.581-11.011) | 6.65 (1.87-23.698) 0.000%*
1:2 1(0.75%) 23(34.9%)

Sedation;
Continues 50 (37.9%) 17 (25.8%) 1.758 (0.4.153) 3.96 (1.127-13.91) 0.005*
Intermittent 82 (62.1%) 49 (78.2%)

Physical. restraint
Yes 20 (15%) 21(31.8%) 2.613 (1.037-6.586) 3.717 (1.02-13.54) 0.009%*
No 112(84.9%) 45 (68.2%)

Discharge;
Recovered 126 (95.5%) 41(62.1%) 12.805(3.635-45.108) | 14.855 (3. 24-68.097) | 000***
Deceased 6(4.5%) 25(37.9%)

Notes: Both= plaster + roll bandage, RB= roll bandage, P = physical, endotracheal tube (ETT) = endotracheal tube, ***P = < 0.000,
*P= < 0.001, *P= < 0.0I.

Subsequent Complications and Outcomes of Unplanned Extubations

The study found prolonged pediatric intensive care unit (PICU) stays and mechanical ventilation days that faced
unplanned extubation compared to plan extubation (8.9:9.3 and 6.5:7.0) control-to-case ratio, respectively, or in the
rate difference of 0.4 and 0.5, respectively. Of 198 intubated patients, 59 of them needed re-intubation (69.7% and 9.8%
re-intubation UPE and PE, respectively). Table 3.

Table 3 Outcomes of the Patients Experienced UPE Compared to the Unmatched
Control Participants 2023

Variable Total N = 198 Control n = 132 Case n= 66
Reintubation 59 (29.8%) 13 (9.85%) 46 (69.7%)

® Only reintubation 41 (20.71%) 11(8.33%) 30(45.45%)

® Tracheostomy 6 (3.03%) 2(1.5%) 4(6.06%)

® Pneumothorax 2(1.01%) 0 2(3.03%)

e Mortality 7(3.53%) 0 7(10.6%)

® Rib fracture 3(1.5%) 0 3(4.54%)
Well tolerated 139 (70.2%) 119(90%) 20(30%)
Outcome

o Recovered 167(84.35%) 126 (95.5%) 41(62.1%)

o Deceased 31(15.65%) 6(4.5%) 25(37.9%)

354 https: Pediatric Health, Medicine and Therapeutics 2023:14

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Mekonnen et al

30
30

25
20
15 11

10

wv

M ad o b

0
sucessful deceased tracheostomy rib fracture pneumothorax
reintubation
M planed extubation 11 0 2 0 0
® unplanned extubation 30 7 4 2 3

Figure 4 The immediate outcomes of after unplanned and planned extubation among Pediatrics Intensive Care Unit in Addis Ababa, Ethiopia, 2023.

®m Alive( Rocovered) m Deceased ( died )

Case n= 66 62.1% 37.9%

Control n =132 95.5% 4.59

Total N = 198 84.35% 15.65%

Figure 5 Recovery and death of the patients experiencing unplanned extubation compared to the unmatched control participants 2023.

After the event of both PE and UPE, 41 (20.7%) of the patients were successfully reintubated. Seven (3.53%) died,
six (3%) tracheostomy, two (1.01%) rib fractures, and three (1.5%) died. All mortalities, pneumothorax, and rib fractures
were associated with UPE. Figure 4.

The study found that the overall mortality rate of intubated children admitted to the pediatric intensive care unit was
15.65% (31/198), with disproportionately high case-control revealed that the majority of 25 (37.9%) were from
unplanned extubating or cases, and only 6 (4.5%) were from the control groups or planned extubating. See Figure 5.

Discussion

This nested case—control study assessed patient, health care and sociodemographic determinants of unplanned extubation
among children in a pediatric intensive care unit. The majority of pediatric patients admitted to the pediatric intensive
care unit (PICU) were aged <6 years, which is in line with a study conducted in Philippines and Brazil.'*'”

The present study shows the incidence of unplanned extubation was 39.8% or 7.2 UPE per 100 intubation days, which
was greater compared to other similar studies conducted in Brazil, London, and United States.**® This may be related to
the higher threshold for intubation, differences in the clinical setup, patient conditions, and training differences among
health professionals.

Of the total of unplanned extubations, 21.2% occurred during the weaning ventilation setting. A possible justification
for this during the weaning process is the inappropriate reduction in sedative drugs, prolonged weaning time, failure of
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early weaning initiation and early extubation, and decrease in caregiver concentration because the patient becomes more
stable than at the beginning of the patient’s condition.

Thirty-one (46.97%) unplanned extubations occurred at the time of different nursing procedures such as endotracheal
tube adjustment, suctioning, positioning, handover/round, and during new patient admission compared to a study done by
Se'rgio and da Silva,'” and our study results were higher. This may also be due to inadequate training and skills of nurses
regarding suctioning, care for mechanically ventilated patients, excessive endotracheal tube (ETT) manipulation, lower
nurse—patient ratio, setup difference, and incoordination during an event occurring in one of the other patients.

This study found that patient agitation is a paramount importance in anticipating unplanned extubation. This finding is
supported by studies conducted in other countries.*'>'*'® This could be because, when patients are agitated, they
become unstable and experience unnecessary movements. This movement leads to accidental removal of the endotra-
cheal tube (ETT) or by the action of the patient, and no adequate sedation protocols and pain management protocols were
found, as evidenced by visualizations of the use of sedation and pain management protocols at the time of supervising the
data collection process. Moreover, the clinician challenging the measures to estimate the balance between agitation and
fear of sedation may cause further complications such as cardiovascular compromise, prolonged paralysis, and prolonged
mechanical ventilation.

Our study results showed that there was a marked difference in the type of endotracheal tube (ETT) fixation device;
plaster or roll bandage usage separately increased the risk by four times compared with the use of both plaster and roll
bandages together. The literature has highlighted for this as an important risk factor in endotracheal tube (ETT) fixation
practice,’ but no numeric explanation has been found regarding the device. The reason may be the standardization of the
ICU setup and the unavailability of taping devices for fixing the endotracheal tube (ETT) in the appropriate place, as the
health professional also has less power to remove and only secured by plaster and in the patient. If contact with secretion
the plaster becomes easily detached and pulls out of the endotracheal tube (ETT).

The present study revealed that night shifts were significantly associated with unplanned extubations. This finding
was supported by a previous study.® The reason for this could be that staff assigned for night shift work for a longer time
than staff working on day shift, which causes exhaustion, decreases the number of staff at night because of classifying
time in two halves, and the ratio becomes 1:2 because of the biological sleep-wake cycle. In addition, patients may be
disturbed by excessive lighting, ventilator alarms, and monitoring at night.

Physical restraint use was significantly associated with unplanned extubation. This finding is in agreement with those of
previous studies.**® This may be because physical restraint increases feelings of discomfort, stress, and anxiety due to the
inability to express themselves by moving their hands or bodies. Another reason could be that restraining patients is considered
a preventive strategy for unplanned extubation in agitated patients without appropriate and adequate sedation.

Another significant association was found in the case of intermittent sedation, which was three times more likely than
that of continuous sedation. In a similar study, continuous sedation was more effective.®'? This discrepancy may be due
to differences in the set-up of sedation protocols, unavailability of sufficient sedation drugs, population differences, and
health professionals, as well as the endotracheal tube (ETT)er to order sedation in PRN based on fear of complications
and then missed and ignored by assuming that the infant has less power to remove endotracheal tube (ETT).

Furthermore, an uncuffed endotracheal tube was significantly associated with unplanned extubation compared to
a cuffed endotracheal tube. This finding is consistent similar with those of previous studies.® *'® This may also be due to
the inability to fix the endotracheal tube properly because of the loss of function of the inflation valve inside the trachea.

This study also found that the overall mortality of patients in the case of unplanned extubation was increased by 12.8

times compared to planned extubation. The mortality rate was higher than that in other similar studies,®'*'®

which may
be explained by resource scarcity, inadequate ICU-trained nurses, and after UPE, the patient became hemodynamically
unstable due to hypoxia, fights for re-intubation, difficulty in re-intubation, exacerbation of clinical conditions, and death.

This found in this study nurse-to-patient ratio 1:2 had significantly associated with the incidence of unplanned
extubating. This finding was supported by previous study done in Great Britain in 2019° and Fontanez-Nieves.” In these
study settings, the staff ratio becomes 1:2 on the night shift, and the majority of unplanned extubations also happen
during the night shift. The reason for this could be that staff assigned to the night shift are working longer than staff

working the day shift and become exhausted, resulting in a decrease in the number of staff at night b/c of classifying time
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in two halves and the ratio becoming 1:2 because of the biological sleep-awake cycle. In addition, during the night, the
patient may be disturbed by the alarming sound of the ventilator and monitoring.

This study also found that the overall mortality rate from the total 198 pts was 31 (15.7%). The rest 183 (84.34%)
were improved, 25 (38%) were related to UPE as compared to 6(4.5%) in PE. Or the risk was increased by 15 times
compared to those planned extubation. The mortality rate was higher than similar studies, this high mortality rate in this
study area may be explained by resource scarcity, inadequate PICU trained professionals, and after UPE the patients
become hemodynamically unstable due to hypoxia and fights for re-intubation and faced difficulty of reintubation and
exacerbate the clinical conditions and leads to death.

Strength and Limitations

Data were collected at the time of the event and prospectively to obtain complete information on UPE events, and this
study was purposefully investigated the determinants of UPE to help healthcare facilities and researchers inform the
development of their own implementation framework to reduce UPEs and improve patient outcomes.

The limited availability of previous case—control studies on this topic may influence the comparison of our outcomes
to those of other studies (population similarity), and some variables not included in this study may have influenced the
occurrence of UPE, such as the presence of caregivers or family members at the bedside when the UPE episode occurred,
nursing work experience, and floating nurses from other units (rotation). Further studies incorporating these variables
may provide additional information.

Conclusion and Recommendation

This study found that the incidence and mortality rate of unplanned extubating were high, with identified determinants
increasing the risk of unplanned extubating among patients admitted to pediatric intensive care unit. The identified
determinants that increased the risk of unplanned extubation among intubated pediatric patients admitted to pediatric
intensive care units includes being agitated, night shift, intermittent sedation, endotracheal tube (ETT) taping by plaster
or roll bandage separately, having of physical restraint, and nurse-to-patient ratio.

This study also identified unplanned extubating as having a multifactorial etiology. Therefore, if patients are identified
as having a high risk for UPE, temporarily intensified surveillance and prevention are important. Therefore, policymakers
and health planners should design further protocols and algorithms for the management of pediatric endotracheal
intubation (ETT) quality of patient outcomes and to prevent unplanned extubating in a resource limited set up.

Health professionals working in pediatric intensive care unit should undertake surveillance of these identified
determinants to improve pediatric intensive care unit outcomes. Do not restrain the patients rather follow appropriate
sedation protocols and make the patient comfortable, calm, and pain-free, use roll bandage and plaster together instead of
separate use during endotracheal tube taping and special attention should be paid to early intubation, weaning, and
extubation based on hospital protocols.

Policymakers should consider these identified determinants of unplanned extubation during intensive care unit
training and develop guidelines for endotracheal tubes (ETT) and mechanical ventilation outcomes.
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