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Neonatal unplanned extubations: an unsolved safety issue
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Abstract

Background: Unplanned extubations are safety events relatively frequent in the neonatal intensive care units (NICU). This
study aimed to describe the frequency and characteristics of unplanned extubations in a NICU. Methods: We conducted a
retrospective observational study of unplanned extubations in the NICU of a tertiary regional referral hospital. We reviewed
medical records for data collection and performed the statistical analysis, comparing the cases of unplanned extubations
with those in which it did not occur among all the cases that received intubation and invasive neonatal mechanical ventila-
tion. Results: A total of 958 newborns were admitted to the NICU, of which 174 required assistance with invasive mechanical
ventilation (18.1%) and 28 experienced unplanned extubations (16.1%): 25 patients with one episode, one with two episodes,
and two with three episodes. The rate was 2.93 unplanned extubations for every 100 days of invasive mechanical ventilation
in 5 years, with a significant decrease in the last three years (p = 0.0158). We found a statistically significant correlation
between a weight < 1500 g and unplanned extubation in the multivariate analysis, although sedation appears to affect its
interaction. Conclusions: Unplanned extubations are a relatively frequent problem, although with a tendency to decrease in
recent years. The weight of the patients at birth and sedation during ventilation are important factors in this safety problem.
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Extubaciones neonatales no programadas: un problema de seguridad no resuelto

Resumen

Introduccion: La extubacidn no programada es un evento de seguridad relativamente frecuente en las unidades de cuida-
dos intensivos neonatales (UCIN). El objetivo de este estudio fue conocer la frecuencia y las caracteristicas de las extuba-
ciones no programadas en una UCIN. Métodos: Se realizé un estudio observacional retrospectivo de las extubaciones no
programadas en la UCIN de un hospital regional de referencia de tercer nivel. Se revisaron las historias clinicas y se realizé
el andlisis estadistico de los datos, comparando los casos de extubacidn no programada con aquellos en los que no suce-
did entre todos los pacientes que recibieron intubacion y ventilacion mecanica invasiva neonatal. Resultados: Ingresaron
en la UCIN 958 neonatos, de los cuales 174 precisaron asistencia con ventilacion mecdnica invasiva (18.1%) y 28 tuvieron
una extubacion no programada (16.1%). De estos, 25 presentaron un episodio, uno presentd dos episodios y dos presenta-
ron tres episodios de extubacion no programada. La tasa fue de 2.93 extubaciones no programadas por cada 100 dias de
ventilacion mecdnica invasiva en 5 afios, con una importante disminucion en los ultimos 3 afios (p = 0.0158). El peso < 1500 g

Correspondence: Date of reception: 11-08-2020 Available online: 08-06-2021
*Gonzalo Solis Sanchez Date of acceptance: 25-09-2020 Bol Med Hosp Infant Mex. 2021;78(4):259-264
E-mail: gsolis @telefonica.net DOI: 10.24875/BMHIM.20000255 www.bmhim.com

1665-1146/© 2020 Hospital Infantil de México Federico Gémez. Published by Permanyer. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

259


http://crossmark.crossref.org/dialog/?doi=10.24875/BMHIM.20000255&domain=pdf
mailto:gsolis%40telefonica.net?subject=
www.bmhim.com
http://dx.doi.org/%2010.24875/BMHIME.M18000028
http://dx.doi.org/10.24875/BMHIM.20000255
http://creativecommons.org/licenses/by-nc-nd/4.0/

260

Bol Med Hosp Infant Mex. 2021;78(4)

se relacioné con las extubaciones no programadas de forma estadisticamente significativa en el andlisis multivariante, aun-
que la sedacion aparece como un factor modificador de efecto a través de su interaccion. Conclusiones: Las extubaciones
no programadas son un problema relativamente frecuente, aunque con tendencia a disminuir en los dltimos afos. El peso
de los pacientes al nacimiento y la sedacidn son factores importantes en este problema de seguridad.

Palabras clave: Extubacion no programada. Recién nacido. Ventilacion mecanica invasiva. Seguridad asistencial.

Introduction

Patient safety is one of the most critical aspects of
healthcare. This statement has even more weight when
it comes to critical neonatal patients. Therefore, the
safety culture within neonatal services is essential for
a high-quality neonatal practice'.

Intubation and ventilation of a neonate represent a
high-risk situation due to many possible related conse-
quences®®. Unplanned extubations (UEs) are a rela-
tively frequent safety event in pediatric intensive care
units (PICU) and neonatal intensive care units (NICU)
and, as such, should be included in the quality lists of
these services*®. Although the incidence is highly vari-
able, it can be estimated from 0.1 to 6.6 episodes per
100 ventilator days?.

We define an UE as removing the endotracheal tube
from a ventilator-supported patient at any time other
than the one deliberately planned for it. The removal is
caused by the patient or medical or nursing staff action
during a procedure®’. Therefore, it is an undesired
adverse event.

It is known that UEs are associated with poorer clin-
ical outcomes and higher healthcare costs®. Therefore,
further study of these adverse events will help to reduce
their occurrence rates and prevent their incidence?®.
To know the frequency and the characteristics of the
patients who experience UEs (gestational age, weight,
sex, cause, and time of intubation, among others) in
our NICU, we conducted a retrospective observational
study. We consider that knowledge of these character-
istics can improve the quality of care and patient safety.

Methods

We conducted a retrospective observational study of
neonates who required invasive mechanical ventilation
in the NICU of a tertiary, regional referral hospital
between 1/1/2015 and 12/31/2019. Our center serves a
population of 2000 newborns per year born and another
3000 newborns per year as a referral NICU.

We searched the hospital database and service
records for all newborns admitted to the NICU who
required invasive mechanical ventilation during their

admission. We reviewed each one of the medical
records of these cases and documented the most
important variables. According to a primary or depen-
dent variable, we formed two groups: those who under-
went UEs and those who did not. General variables
(sex, gestational age and birth weight, cause of venti-
lation, age at onset, days of ventilation, sedation during
ventilation, days of NICU stay, mortality) were recorded
in all cases. The characteristics of the episodes (day
of the week of the event, work shift, time since intuba-
tion, and need for re-intubation) were also analyzed in
UE cases.

We considered an UE as the event in which an intu-
bated neonate was extubated without having planned
this action. The extubation could be spontaneous or the
consequence of a care maneuver. Data were obtained
from the electronic medical records, where the epi-
sodes of UEs must be recorded. The same intubation
and endotracheal tube fixation technique were main-
tained during the analyzed period.

Once data were extracted and registered anony-
mously, an initial descriptive statistical analysis was
performed. Subsequently, data were compared and
possible associations were sought between the groups
and the recorded variables.

The absence of normality of most of the quantitative
variables was verified (Kolmogorov-Smirnov test).
Therefore, we decided to describe the quantitative vari-
ables with medians and interquartile ranges (IQR) and
use non-parametric statistics in the comparisons.
Qualitative variables were described with frequencies,
and y? test was used for associations (Fisher’s exact
test if expected counts < 5). Binary logistic regression
(UE/no UE) was performed by entering the following
variables into the model: birth weight < 1500 g, sex,
intubation time, gestational age < 32 weeks, sedation,
and cause of intubation. Stratification and Mantel-
Haenszel odds ratio (OR) estimation were also used to
test for interaction between variables. Statistical signif-
icance was kept at a probability of 0.05.

Permission to perform the work was obtained from
the PA Research Ethics Committee (application 20/18),
and the principles of research ethics and confidentiality
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were followed according to the current international
legislation.

All the manuscript authors participated in the study
design, literature review, data collection, data analysis,
and writing and reviewing the manuscript.

Results

During 5 years, 958 neonates were admitted to the
NICU (75.5% born in the hospital and 24.5% from other
hospitals in the region), of whom 174 (91 males and
83 females) required invasive mechanical ventilation
(18.1%). These 174 patients were born with a median
gestational age of 34 weeks (IQR 9) and a median birth
weight of 1995 g (IQR 1953).

The median age at intubation was 0 days (IQR 1). In
the first 24 hours of life, 123 cases (70.7%) were intu-
bated and 159 cases (91.4%) in the first week of life.
The reasons for mechanical ventilation were respiratory
(acute respiratory failure) in 127 cases (73%), surgical
in 25 cases (14.4%), and non-respiratory medical
causes (cardiological and neurological) in 22 cases
(12.6%); 30.5% received sedation/analgesia during
ventilation. The median ventilation time was 2 days
(IQR 5); 17.8% died before discharge from the NICU.
The total ventilation time of the series was 1125 days.

Of the 174 patients who were ventilated, 28 under-
went an UE (16.1%): 25 presented one UE episode, one
presented two episodes, and two presented three epi-
sodes; in total, there were 33 episodes in 5 years. The
median age at the time of the UE was 4 days (IQR 20),
and the median ventilation time from the last intubation
to the time of the UE was one day (IQR 5). Five cases
received pharmacological sedation (15.2%). Sixteen
episodes (48.4%) required re-intubation; twelve required
immediate re-intubation. Three of the 28 UE cases died
before discharge from the NICU (10.7%) (Table 1).

The UE rate over 5 years was 2.93 UE per 100 days
of invasive mechanical ventilation. This rate has varied
from 4.52 in 2016 t0 0.52 in 2019 (p = 0.0158) (Table 2).
We found no statistically significant differences between
UE rates by cause of ventilation (p = 0.480) or by day
of the week on which extubation occurred (p = 0.976)
(Table 1).

In the univariate analysis, we found that birth weight
< 1500 g [OR 3.1; 95% confidence interval (Cl) 1.3-7.3
and gestational age < 32 weeks (OR 2.4; 95% ClI
1.0-5.6) were significantly related to UEs (Table 3).

After performing a binary logistic regression with the
forward LR method and introducing the gestational age,
sex, birth weight < 1500 g, gestational age < 32 weeks,

Table 1. Characteristics of the episodes of unplanned
extubations

Patients (n) n
With 1 UE 25
With 2 UE 1
With 3 UE 2
Total 33

Age at the UE episode (days)

Median 4
Interquartile range 20

IMV days from intubation to UE

Median 1
Interquartile range 5
Shift n (%)
Morning 9 (27.3%)
Afternoon 9 (27.3%)
Evening 15 (45.5%)
Day of the week when UE occurred n (%)
Workday 23 (69.7%)
UE rate per 100 working days 2.86
Holiday 10 (30.3%)
UE rate per 100 holidays 3.11
Cause of invasive ventilation n (%)
Respiratory cause 29 (87.8%)
UE rate per 100 days in “respiratory” group 3.16
Non-respiratory cause 4(12.1%)
UE rate per 100 days in “non-respiratory” group 1.91
Need for re-intubation
In the first 24 hours after UE 12 (36.3%)
Beyond the first 24 hours after UE 4(12.1%)

IMV, invasive mechanical ventilation; UE, unplanned extubation.

Table 2. Time course of unplanned extubations in the
neonatal intensive care unit

Year of | Number of Days of UE rate
study ventilated invasive per 100
neonates mechanical ventilator
ventilation [ BV
2015 39 389 15 3.85
2016 39 221 10 4.52
2017 34 157 3 1.91
2018 35 168 4 2.38
2019 27 190 1 0.52
Total 174 1125 33 2.93

»2 for linear trend (p = 0.0158).
UE, unplanned extubations.

receiving sedation during ventilation, and having been
intubated for respiratory or non-respiratory causes into
the model, only birth weight < 1500 g remained in the
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Table 3. Comparison of cases with or with no unplanned extubation

Neonates with UE (28 cases) | Neonates with no UE (146 cases) m

Gestational age at birth in weeks
Median 29
Interquartile range 10

Type of case by gestational age

< 32 weeks of gestation 17 (60.8%)

> 32 weeks of gestation 11(59.2%)
Birth weight

Median 1390

Interquartile range 1915
Type of case by birth weight

<1500 g 18 (64.2%)

> 1500 g 10 (35.8%)
Sex

Male 14 (50%)

Female 14 (50%)
Cause of intubation

Respiratory 24 (85.7%)

Non-respiratory 4 (14.3%)
Sedation/analgesia

Yes 5(17.9%)

No 23 (82.1%)
Age at first intubation (days)

Median 0

Interquartile range 1
Total days of intubation

Median 2

Interquartile range 13
Days of stay in NICU

Median 26.5

Interquartile range 68
Mortality 3(10.7%)

*Mann-Whitney’s U test. **y2 (or Fisher’s exact test if values < 5).

35 0.077*
9
56 (38.4%) 0.028**
90 61.6%) OR: 2.4 (95% CI 1.0-5.6)
2117 0.086*
1958
53 (36.3%) 0.006**
93 (63.7%) OR: 3.1 (95% Cl 1.3-7.3)
77 (53%) 0.790%*
69 (47%) OR: 0.8 (95% Cl 0.3-2.0)

103 (70.5%) 0.098**

43 (29.5%) OR 2.5 (95% ClI 0.8-7.6)
48 (32.9%) 0.109**
98 (67.1%) OR: 0.4 (95% Cl 0.1-1.2)
0 0.714*
1
2 0.648*
5
135 0.094*
35
28 (19.1%) 0.284%*

OR: 0.5 (95% Cl 0.1-1.8)

Cl, confidence interval; NICU, neonatal intensive care unit; OR, odds ratio; UE, unplanned extubations.

final model with statistical significance (OR 3.1; 95%ClI
1.3-7.2). After analyzing several possible interactions by
stratification, sedation appeared as a modifying factor
with an essential effect on birth weight: < 1500 g with
sedation, OR 1.1 (95% CI 0.1-10.8), and < 1500 g with-
out sedation, OR 3.4 (95% CI 1.2-9.3); Mantel-Haenszel
OR estimate 2.8 (95% CI 1.1-7.0) (Table 4).

Discussion

UEs are a relatively frequent adverse event in NICUs
with short-, medium- and long-term clinical effects on
the patient. Undoubtedly, an UE is one of the most crit-
ical issues in the safety surveillance of neonatal critical

care environments because of its frequency, medical
consequences, and economic effects®. In an excellent
study, Kandil et al.? outlined the problem and possible
solutions, giving particular importance to studying the
characteristics of the incident cases. It is important to
use concrete and internationally accepted definitions
when classifying UEs to achieve this goal. Otherwise,
the number of cases could be underestimated!?.
Some factors make an UE a significant problem in
the NICU. The difficulty of fixing endotracheal tubes to
neonates’ small faces, the short length of the trachea,
not using isolation balloons in the tubes, or the low
sedation rate in large ventilated preterm infants are
contributing factors highlighted in the published series®.



D.K. Segura-Ramirez, et al.: Neonatal unplanned extubations

Table 4. Interaction between weight < 1500 g, sedation,
and unplanned extubation

Neonates Neonates p-values
with UE with no UE and
(28 cases) | (146 cases) | OR (95% CI)
Sedation ~ Weight
<1500 g
Yes 1 9 0.946
No 4 39 OR: 1.1
(0.1-10.8)
No Weight
sedation < 1500 g
Yes 17 44 0.014
No 6 53 OR: 3.4
(1.2-9.3)

Mantel-Haenszel estimation OR 2.8 (CI 95% 1.1-7.0).
Cl, confidence interval; OR, odds ratio; UE, unplanned extubations.

In recent years, the intubation route used in our
department has been oral due to the problems of nasal
septal necrosis that had occurred previously in cases
of nasal intubation. The nasal route was possibly more
stable and with a lower UE risk, but it is currently
becoming rare in these patients.

In our center, we use the fixation system NeoBar
Tube Holder (NeoTech Products LLC) with different
sizes according to the size of the neonate. The endo-
tracheal tube is fixed to the vertical pole, and a control
chest X-ray is always performed to check the position
of the tube tip in the trachea. During the five years of
the study, the intubation and fixation technique was
always the same. We still do not use ultrasound,
although exhaled carbon dioxide monitoring is usually
maintained.

Awareness programs to reduce the UE frequency
exist, although they are not always as effective as
desired®%"". However, based on the actual situation in
the NICU, it is the first step to undertake a staff training
program and case discussion to decrease the incidence
of these adverse events. Analyzing the UE causes and
proposing solutions with a plan of action and within an
evidence-based prevention environment is the next step
before a further audit to measure improvement*'2,

Some authors propose a goal of less than 1 UE per
100 days of invasive mechanical ventilation'.
Undoubtedly, the use of checklists with an evaluation
of endotracheal tubes could be an essential factor in
improving UE rates'.

Our rates have been improving progressively in
recent years, although we should not be overly optimis-
tic. We will have to wait and see what happens in the

future; the average figure for these five years is situated
among the averages reported in other publications'.
Although this improvement is not related to a single
cause, it can be explained by a continuous progress in
the care and safety measures.

Data showed that the youngest neonates are the
most likely to extubate spontaneously. However, weight
(but not gestational age) was the determining factor in
the UE risk in the multivariate analysis, perhaps due to
other concomitant factors, such as the sample’s
distribution.

Besides weight, our series highlights the importance
of sedation, which appears as an effect modifying vari-
able on weight (Table 4): the lower use of sedation/
analgesia in the smallest patients could be a condition-
ing factor in making weight the most important factor.

Sedation/analgesia during mechanical ventilation in
premature neonates is one of the most critical issues.
Our sedation percentages are excessively low, although
they have been progressively increasing in recent
years. In any case, establishing a staff training program
in the safety of intubated patients and the development
of checklists seem mandatory to control this problem.

More than half of our newborns did not require re-in-
tubation, which is also an interesting fact related to the
current policy of all neonatal units to reduce invasive
mechanical ventilation times, trying to use non-invasive
ventilation to save days of intubation.

Important short-, medium-, and long-term clinical
consequences of UEs have been described. The
medium- to long-term effects of UEs on the evolution
of the patients regarding respiratory or neurological
outcomes was not the subject of this study and remains
open to future analysis; however, we found no differ-
ences between neonates with and with no UEs regard-
ing NICU stay and mortality (Table 2).

Our study is a single-center study, with retrospective
data from five years, which are limitations of this type
of study, especially due to the number of cases.
However, its strength lies in the fact that our unit could
represent a very high percentage of regional, Spanish,
and Latin American reference NICUs, with their advan-
tages and disadvantages. Also, the value of the data
lies in the strict collection of episodes that are manda-
torily described in the electronic medical records, which
prevents underreporting.

UEs are a relatively frequent problem in our environ-
ment, with an average rate in the last 5 years of
2.93 cases per 100 days of invasive ventilation, although
decreasing in recent years. The birth weight under
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1500 g and the absence of sedation are factors related
to this critical safety problem.
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