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Abstract

Endotracheal intubation is one of the most common invasive procedures in routine pediatric intensive care. Unplanned extubation occurs when an endotracheal tube
is inadvertently removed. To observe and report the incidence of unplanned extubation in children before and after the introduction of a series of measures aimed
at controlling and reducing this adverse event in a pediatric intensive care unit. In 2016, a total of 312 patients were hospitalized in the pediatric intensive care unit.
Of these, 120 received mechanical ventilation and there were 30 unplanned extubations, corresponding to an annual incidence of 4.24%. In 2017, the corresponding
figures were 301, 163, 42 and 3.4%. In 2018, after the introduction of measures to control and reduce the number of unplanned extubations, the corresponding
figures were 335, 195, 31 and 1.79%. The incidence in 2018 was statistically significantly lower than in 2017 and 2016 (p < 0.01). Systematic control of the incidence
of unplanned extubation and the introduction of a bundle of measures led to a significant reduction in this type of extubation in the pediatric intensive care unit.

Abbreviations: PICU: Pediatric Intensive Care Unit; MV: Mechan-
ical Ventilation: UPE: Unplanned Extubations; CHC/UFPR: Hospital
de Clinicas Complex, Federal University of Parand; RBR: Brazilian
Registry of Clinical Trials; IQC: Internal Quality Group; PDC: Plan
Do Check Act; NIV: Non-Invasive Ventilation; SBT: Spontaneous
Breathing Trial; ESICM: European Society of Intensive Care Medi-
cine; CPSSQ: Imperial Centre for Patient Safety and Service Quality;
NACHRI: National Association of Children’s Hospitals & Related In-
stitutions; NQF: National Quality Forum

Introduction

An intensive care unit is a highly complex unit in a hospital [1-
3]. Correct use of mechanical ventilation (MV) can affect the progress
and prognosis of patients hospitalized in a pediatric intensive care unit
(PICU) [3-5]. It is therefore fundamental for the safety of critically ill
patients to monitor the quality of the services provided [1,2,4,5].

Endotracheal intubation is frequently used in PICUs, and elective
extubation should be performed when MV is no longer required [6].
The inadvertent displacement and removal of an endotracheal tube
is termed unplanned extubation (UPE) or accidental extubation and
constitutes an adverse event [6].

The risks associated with such events are respiratory failure, airway
injuries, longer use of MV, increased length of stay in the PICU and
longer hospitalization. In addition, there may be an increased risk of
hypoxemia, atelectasis and susceptibility to pneumonia associated with
MV [2,4,6,7].

Common factors associated with adverse events observed in
PICUs are failure to follow protocols and a lack of innovative, adaptive
strategies for quality control. The first step in solving a problem is to
measure the problem, i.e., to collect data on the processes related to

Pediatr Dimensions, 2020 doi: 10.15761/PD.1000201

patient care and patient outcomes. Low-cost interventions or even
interventions that do not incur additional costs can help to reduce
adverse events [1,2].

Once the high risk that UPE poses for the pediatric population is
recognized, together with the its impact on duration of MV, length of
stay in the PICU, length of hospitalization, morbidity and mortality,
it becomes essential to implement effective methods to prevent this
adverse event. Many PICUs currently use the incidence of UPE as an
indicator of the quality of care [6,7].

This study sought to observe and report the incidence of UPE in
children before and after the introduction of a series of measures aimed
at controlling and reducing this adverse event in a PICU.

Methods

The study was a prospective observational study and was carried out
in the PICU at the Hospital de Clinicas Complex, Federal University
of Parand (CHC/UFPR) from January 2016 to December 2018. In
2016 and 2017 eight beds were available in the PICU, and in 2018 ten
were available. The study was approved by the Institutional Ethics
Committee (ref. no. 1.889.488/2017) and registered in the Brazilian
Registry of Clinical Trials under ref. no. RBR-6zfy89. A voluntary
informed-consent form was signed by the children’s parents or the
person legally responsible for them.
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The study population consisted of children of both sexes from 28
days old up to 14 years of age in the PICU at the CHC/UFPR who
were intubated and on MV. Children who had a tracheostomy, had
undergone planned extubation or needed to have their tubes changed
because of a suspected or confirmed obstruction were excluded from
the study.

Intervention

The project to introduce an indicator of UPEs was conceived after
an internal quality group (IQG) was set up for the pediatric unit at the
CHC/UFPR. The IQG consisted of volunteer staff and staff involved in
care provision in the pediatric unit, and the plan-do-check-act (PDCA)
method was used to make improvements to the process for prevention
of UPEs (Figure 1). This is a tool used in quality management and
periodic assessment of work processes®that consists of four sequential
phases: plan (P), do (D), check (C) and act (A) [8,9].

In phase P, a UPE indicator was defined, a work group was set
up and training was provided on how to monitor events. In phase D,
check sheets were created, data for the pediatric unit were collected and
all UPE events were recorded and investigated. In addition, monthly
reports were drawn up for discussion in meetings with the IQG. In
phase C, the data collected were tabulated and analyzed. Finally, in
phase A, the data were presented to the multidisciplinary team, a series
of UPE-prevention measures were implemented and the PICU team
was trained.

Data were collected daily with the aid of a standardized form
designed by the researcher responsible for the study. The data recorded
on the form included the number of patients admitted to the unit, their
epidemiologic characteristics, the number of intubated patients/day on
mechanical ventilation and the number of UPEs and their respective
causes.

The following formula was used to calculate the incidence of UPEs:
number of accidentally extubated patients / number of intubated
patients day X 100 [10].

The data were recorded in a spreadsheet (Microsoft Excel®).
After the data had been analyzed, a monthly report was issued with
the following information: number of intubated patients, number of
UPESs, shift (morning, evening or night), time and causes of the UPEs.

Figure 1. PDCA CYCLE (adapted for the unplanned extubation indicator for the CHC/
UFPR PICU)
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Table 1. Bundle for the prevention of unplanned extubations — pediatric intensive care unit,
CHC/UFPR, 2017

Bundle to prevent unplanned extubations

Check regularly that the endotracheal tube is properly fixed.

STANDARDIZE the way that the endotracheal tube is fixed.

CHECK tube position and fixation before handling the patient.

REQUEST that the tube be secured again if it is loose, wet or moving (pay particular
attention if the patient is producing excessive secretions or drooling).

RECORD on the high-risk sheet, during each shift, the size of the endotracheal tube and
the number on the tube beside the oral fissure or nasal ala.

WHENEVER the position of the tube CHANGES or the fixation IS CHANGED, record
this on the control sheet for the endotracheal tube fixation sheet.

Precautions to be taken when the patient is handled by the multidisciplinary team
REQUEST assistance from a colleague when performing a procedure for which there is a
risk of unplanned extubation.

MONITOR and assist with any procedures performed by non-PICU staff

Steps to be taken when the patient is agitated

USE the scale to assess whether the level of sedation is adequate and inform the medical
team in accordance with PICU procedures (Comfort B Scale)

IDENTIFY and adopt containment measures according to the patient’s age

ASSESS, inform and record on the patient’s medical history the risk of unplanned
extubation on each shift;

Controlling the length of mechanical ventilation

ASSESS whether the use of non-invasive ventilation (NIV) may be appropriate.
ASSESS whether it is appropriate to perform elective extubation and administer the
spontaneous breathing trial (SBT) in accordance with PICU procedures.
Recommendations

INFORM AND PROVIDE GUIDANCE TO the adults responsible for the child on the
risks of unplanned extubation and how to prevent it

IDENTIFY individual risk factors

PAY PARTICULAR ATTENTION if the child is less than one year old (high risk of
unplanned extubation)

REPORT any unplanned extubation in the VIGIHOSP/EBSERH system

The monthly incidence of UPEs in the PICU was presented to the
multidisciplinary team.

All the UPEs were reported by the physiotherapy team with the
aid of a specific sheet for this purpose and then entered in a standard
program used at the CHC/UFPR (VIGIHOSP/EBSERH) [11].

After the indicator had been monitored for 24 months, an action
plan was put in place to implement a bundle of measures aimed at
controlling and reducing UPEs in the PICU. The bundle was developed
based on an analysis of the reports of adverse events and publicized
in the form of a poster (displayed in the unit) and as a booklet for
use in theoretical and practical training provided for the whole
multidisciplinary team (Table 1).

Statistical analysis

All the data collected were recorded in a spreadsheet (Microsoft
Excel®). After they had been checked, the data were exported to
Statistica” 7.0 (USA) for the statistical analysis. The distributions
of the continuous variables were assessed for normality. Variables
with a normal distribution were expressed in terms of the mean and
standard deviation, and variables with an asymmetric distribution
were expressed in terms of the median and 25% and 75% percentiles.
The Mann-Whitney test was used to estimate the differences between
continuous variables with an asymmetric distribution, and the Pearson/
Yates chi-square test was used for categorical variables.

Results

During the 36-month study period, 478 children were intubated
and were on MV. Of these, 103 (21.54%) were accidentally extubated in
the PICU and formed the sample used for the study. Table 2 shows the
epidemiologic characteristics of this group of 478 children.
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Of the 103 children who were accidentally extubated, 47 (46.0%)
were female and 56 (54.0%) male. Median age was 9.0 months, 25% and
75% percentiles age were 4.0 and 30.0 months. Orotracheal intubation
was used with 96.0% of the patients, and nasotracheal intubation with
4.0%. Eighty-seven patients (84%) used tubes without a cuff, and 16
(16%) used tubes with a cuff. Median duration of MV was 10.0 days,
25% and 75% percentiles duration were 5.0 and 18.0 days and the
median day of MV on which UPEs occurred was day 3, and the earliest
and latest days were day 2 and day 9 (Table 2).

The characteristics of the UPEs are shown in table 3, and the causes
of the UPEs included in the notifications are shown in table 4.

In 2016, a total of 312 patients were admitted to the PICU, of whom
120 (38.4%) were treated with MV. The PICU had an occupancy of

Table 2. Epidemiologic characteristics of the patient sample from the pediatric intensive
care unit, CHC/UFPR - 2016, 2017, 2018.

Group without

Characteristic Uff:%g;;p UPEs p
(n=375)

Sex M/F (n) 56/47 173/202 0.17!

Age' (months) 9.0 (4 - 30) 29.0 (9 - 96) <0.001°

Weight' (kg) 8.5(4.6-13) 13.0 (6.4 - 20) <0.001°

Tube

Orotracheal 99 (96.1%) 341 (90.1%) 0.12!

Nasotracheal 4 (3.9%) 34 (9.1%)

With cuff 16 (15.5%) 157 (41.9%) <0.001'

Without cuff 87 (84.5%) 218 (58.1%)

UPE day* 5.0 (2.0 -9.0) -

Iv)e“nrt‘ﬁ;‘:ﬁ)glf mechanical 14 6 (5 1g) 7.0 (4-11) <0.0012

Tracheostomy required 11.0 (10.7%) 12 (3.2%) <0.01'

Outcome

Discharge 96.0 (93.2%) 341 (90.9%) 0.59!

Death 7.0 (6.8%) 34.(9.1%)

SOURCE: The author (2019).

NB: ! Pearson/Yates chi-squared test, > Mann-Whitney test. Values expressed as median
and 25% and 75% percentiles and the difference between the groups in the Mann-
Whitney test. F: female; M: male. UPE: unplanned extubation. *UPE day: no. of days on
mechanical ventilation when unplanned extubation occurred.

Table 3. Characteristics of unplanned extubations in the patient sample from the pediatric
intensive care unit, CHC/UFPR — 2016, 2017, 2018.

Characteristic 2016 2017 2018
(n=30) (n=42) (n=31) p

Ventilation mode

A/C 15 (50.0%) 25 (59.5%) 19 (61.3%)

SIMV+PSV 15 (50.0%) 14 (33.3%) 9 (29.0%) 0.89
PSV 0(0.0%) 3(7.1%) 3(9.7%)

Sedation

Yes 25 (83.3%) 39 (92.9%) 20 (64.5%)

No 5(16.7%) 3(7.1%) 11 (35.5%) <0.01
Age

<12 months 18 (60.0%) 27 (64.3%) 14 (45.2%)

>12 months 12 (40.0%) 15 (35.7%) 17 (54.8%) 0.24
Shift

Morning 8 (26.7%) 8 (19.0%) 8(25.8%)

Afternoon 12 (40.0%) 10 (23.8%) 13 (41.9%) 0.18
Night 10 (33.3%) 24 (57.1%) 10 (32.3%) '
Weekend

Yes 7 (23.3%) 17 (40.5%) 10 (32.3%) 031
No 23 (76.7%) 25 (59.5%) 21(67.7%) ’
Reintubation

Yes 22 (73.3%) 33 (78.6%) 18 (58.1%) 015
No 8 (26.7%) 9 (21.4%) 13 (41.9%) ’
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Table 4. Causes of unplanned extubations in the patient sample from the pediatric intensive
care unit, CHC/UFPR - 2016, 2017, 2018

2016 2017 2018
Cause of UPE (n=30) (n=42) (n=31) p
Patient handling by team
Yes 19 (63.3%) 23 (54.8%) 14 (45.2%) 036
No 11 (36.7%) 19 (45.2%) 17 (54.8%) :
Insufficient sedation
Yes 11 (36.7%) 32 (76.2%) 17 (54.8%) <0001
No 19 (63.3%) 10 (23.8%) 14 (45.2%) ’
Psychomotor agitation
Yes 17 (56.7%) 29 (69.0%) 19 (61.3%) 0.54
No 13 (43.3%) 13 (31.0%) 12 (38.7%) '
Fixation of the tube
Effective 20 (66.7%) 25 (59.5%) 11 (35.5%)
Ineffective 10 (33.3%) 17 (40.5%) 20 (64.5%) 0.03
Position of the tube
Effective 22 (73.3%) 33 (78.6%) 20 (64.5%)
Ineffective 8 (26.7%) 9 (21.4%) 11 (35.4%) 0.40

74.0%. The number of intubated-patient days was 877. There were 30
UPEs, corresponding to an annual incidence of UPEs of 4.24%.

In 2017, a total of 301 patients were admitted to the PICU, of whom
163 (54.1%) required MV. Occupancy for the unit was 94.0%, the
number of intubated patient days was 1176 and there were 42 UPEs,
corresponding to an annual incidence of 3.57%.

In 2018, a total of 335 patients were admitted to the PICU, of whom
195 (58.2%) were treated with MV. Occupancy for the unit was 84.0%,
the number of intubated patient days was 1728 and there were 31
UPEs, corresponding to an annual incidence of 1.79%.

Figure 2 shows the monthly incidence of UPEs.

The total number of intubated patient days for the study period
was 3.781, and the mean UPE incidence rates in 2016, 2017 and 2018
were 4.24%, 3.48% and 1.79%, respectively. The incidence in 2018 was
statistically significantly lower than in 2017 and 2016 (p < 0.01).

Discussion

Of the 103 children who were accidentally extubated, 47 were
female, 56 male and median age was 9.0 months. According to the
literature, the mean age of pediatric patients on MV is 12 months
[3,12]. In various studies of the population in PICUs, male patients
predominated [3,13-15].

The median day of MV on which UPEs occurred was day 3, and
the earliest and latest days were day 2 and day 9. Median duration of
MV was 10 days and 25% and 75% percentiles duration were 5 and 18
days, higher than the corresponding figure (7 days) for children who
were not accidentally extubated. Pediatric studies report an association
between UPE and longer use of MV, increased length of stay in hospital
and increased hospital costs [16-20]. Hight incidence of tracheostomies
is significant in patients who had accidental extubation, probably due
to reintubation trauma and increased length of stay on MV.

Studies frequently describe weaning off MV as a potential risk
factor for UPE because the withdrawal of sedation causes psychomotor
agitation. However, in the present study the extubations occurred
during the first days of MV, when the patients were on assist-control
MYV (57.0%) and receiving sedatives (82.0%). This would suggest that
the UPEs in these patients occurred when they were being handled by
the team but also that sedation was insufficient, leading to excessive
agitation during patient handling.
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Figure 2. Incidence of unplanned extubations in the pediatric intensive care unit at CHC/UFPR, 2016-2018

A possible explanation for the high reintubation rate (71%) is
that most of the patients were on assist-control MV and were being
administered sedatives continuously. Various studies have reported
high reintubation rates (from 36.0% to 73.0%), the main causes of which
are related to hypoxemia, excessive secretion and hypoventilation
[16,19,21-24]. The use of noninvasive ventilation as an important
measure to avoid the need for reintubation is currently the subject of
discussion [25].

Menon et al., (2015) and Tripathi et al., (2015) found that UPE was
more common among patients under 12 months of age, corroborating
the findings of the present study. One factor associated with UPE in
pediatric patients is the size of the child, as infants have a smaller body
surface on which the tube can be secured. Furthermore, these patients
frequently present with excessive secretions and drooling [26,27].

Of the three shifts, the night shift had the most UPEs (43.0%);
however, when the two daytime shifts (morning - 6 hours and afternoon
- 6 hours) were considered together, these accounted for the majority
of the UPEs (57%). Of particular note is the higher incidence of UPEs
35 (34%) between 13:00 and 19:00. In another study with similar
findings, the frequency of UPEs was greater during the first hours of
the morning shift, when patient care was intensified [27].

Of the 103 UPEs, one third occurred during weekends. The
greater number of UPEs during the night shift and weekends may be a
consequence of the smaller number of staff from the multidisciplinary
team on duty [27].

Although an editorial review of fourteen studies on risk factors for
UPE in adult, pediatric and newborn patients failed to find a risk factor
related to shift time, factors such as team members’ experience, patient
complexity and excessive team/career workload, for which there is a
lack of information, may explain the differences in the results [16,27].

When a UPE was reported, could attribute it to more than one cause.
The main causes observed in the present study were patient handling
by the team (54.0%), insufficient sedation (58.0%), psychomotor
agitation (63.0%), incorrectly endotracheal tubes fixation (46.0%) and
incorrectly positioned endotracheal tubes (27.0%). There is a consensus
in the literature that insufficient sedation, an fixation and an incorrect
positioning of the endotracheal tube and excessive secretions are the
most common causes of UPE and are a result of a lack of standardized
procedures for endotracheal intubation [16,21,26,28-30].

The PDCA method is a useful tool for solving complex problems
such as UPE and can be used to test multiple interventions and
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solutions for such problems. It is based on interactive cycles, the results
of which are used in turn to plan new interventions and cycles. The
flexibility afforded by these cycles allows any harm to the patient to
be minimized, and the effectiveness of the model has been shown in
various studies on care quality [8,16-18,30].

As UPEs are a quality indicator that involves multifactorial causes,
it is reasonable to expect a bundle-based approach to allow various
probable causes to be treated at the same time [16]. Interventions
based on a multidisciplinary approach have been found to reduce UPE
rates, but the complex interaction of the risk factors involved has yet
to be identified. It is crucial to identify patients at potential risk and
develop effective low-cost, easily implemented interventions. This way,
the quality of care provided for intubated children can be improved.

The bundle of measures to control and reduce UPEs in the PICU in
this study was based on the reported and investigated causes of UPEs
and sought to standardize actions that would reduce exposure to the
main risk factors observed. The bundle was introduced during training
for the whole multidisciplinary PICU team and was presented in a
discussion forum used by the hospital IQG.

The elements in the bundle are measures that must be followed
systematically. After the bundle had been implemented and the team
had been trained, there was an increase in the number of intubated
patient days and a reduction in the incidence of UPEs in the PICU.

In the first decade of this century, organizations such as the
European Society of Intensive Care Medicine (ESICM), the Imperial
Centre for Patient Safety and Service Quality (CPSSQ) and the Critical
Care Secretariat (Canada) included UPEs as an indicator of intensive-
care quality and safety. However, the Agency for Healthcare Research
and Quality and the National Association of Children’s Hospitals and
Related Institutions (NACHRI), which are endorsed by the National
Quality Forum(NQF), do not consider UPEs an indicator of quality in
pediatric care [16,31,32]. There is thus a lack of consensus among these
organizations as to whether UPEs can be considered an indicator of
quality and safety in an ICU.

Despite this lack of consensus, some researchers have shown an
interest in making control of UPEs an indicator of quality and safety
in pediatric intensive care units. Recent studies on the incidence of
UPEs and associated risk factors, as well as results, can help to improve
pediatric clinical practice and extubation programs [16,19,26,27].

The fact that the present study did not compare the incidence of
UPEs with the number of electively extubated patients together with
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the small number of beds in the PICU can be considered limitations of
the study. Further research is under way by our group with a view to
developing a sensitive tool to prevent UPEs in the pediatric population
in intensive care units.

Conclusions

In conclusion, systematic control of the incidence of UPEs and

the introduction of a bundle of measures led to a significant reduction
in these adverse events in the PICU in this study. We believe that
controlling this situation can contribute to improving safety and quality
of care for intubated patients.
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