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BACKGROUND: The majority of pediatric extubations occur during day shift hours. There is a
time-dependent relationship between mechanical ventilation duration and complications. It is not
known if extubation shift (day vs night) correlates with pediatric extubation outcomes. Pediatric
ventilation duration may be unnecessarily prolonged if extubation is routinely delayed until day
shift hours. METHODS: We hypothesized that extubation failure would not correlate with shift
of extubation and that ventilation duration at first extubation and that length of stay in the pedi-
atric ICU (PICU) would be shorter for children extubated at night. This was a retrospective
cohort study within one tertiary care, 24-bed, academic PICU. RESULTS: 582 ventilation
encounters were included, representing 517 unique subjects. Status epilepticus was a more com-
mon diagnosis among night shift extubations (P = .005), whereas surgical airway conditions
were more common among day shift extubations (P = .02). Mechanical ventilation duration at
first extubation (37.6 vs 62.5 h, P < .001) and length of stay in the PICU (2.8 vs 4.5 d, P < .001)
were shorter for night shift extubations. The extubation failure rate was 10.3% for day shift and
8.1% for night shift (P = .40). Logistic regression modeling at the level of the unique subject
indicated that extubation shift was not associated with extubation failure (P = .44). The majority
of re-intubation events occurred on the shift opposite of extubation. There was no difference in
complications according to shift of re-intubation (P = .72). CONCLUSIONS: Extubation failure
was not independently associated with extubation shift in this single-center study. Ventilation
liberation should be considered at the first opportunity dictated by clinical data and patient-
specific factors rather than by the time of day at centers with similar resources. Key words:
extubation, pediatric intensive care unit; clinical practice patterns; mechanical ventilator weaning;

pediatrics; respiratory failure. [Respir Care 2021;66(5):777-784. © 2021 Daedalus Enterprises]

Introduction

Children admitted to the pediatric ICU (PICU) often
require mechanical ventilation support for respiratory fail-
ure caused by wide-ranging diagnoses.' Mechanical venti-
lation has a time-dependent relationship with complications
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including nosocomial infections, neuromuscular weakness,
delirium, iatrogenic drug withdrawal, ventilator-induced
lung injury, and ventilator-induced diaphragmatic dys-
function.>* Each of these complications is associated
with increased morbidity, while delirium is also inde-
pendently associated with mortality.” Ventilator-induced
diaphragmatic atrophy begins to develop within 18 h of
mechanical ventilation and progresses at a rate of 2-7%
per day.** Therefore, weaning and minimizing exposure

The authors have disclosed no conflicts of interest.
Correspondence: Jeremy M Loberger MD. E-mail: jloberger@uabmc.edu.

DOI: 10.4187/respcare.08494

777


http://www.rcjournal.com
http://www.rcjournal.com
mailto:jloberger@uabmc.edu

DAYTIME VS NIGHTTIME PEDIATRIC EXTUBATION

to mechanical ventilation should be a continuous process
with improvement measured in hours rather than days.

The majority of pediatric extubations occur during day
shift hours.®” Two significant contributors to this prac-
tice pattern are likely convention and concern about the
safety of nocturnal extubations. This approach is sup-
ported by studies suggesting worse outcomes for adult
subjects in the ICU admitted during night and weekend
hours.®'® This may be related to reduced staffing at
night, staff fatigue, or increased medical errors during
night shifts.'"'"* Conversely, a large pediatric cohort
study showed that subjects admitted during the early day
shift hours had the highest mortality.'> Several recent
adult studies have examined the correlation between
extubation patterns and outcomes. The results, while
mixed, have largely suggested no increase in adverse
outcomes for adults extubated at night.lﬁ’21 Furthermore,
some have suggested a correlation of nocturnal extuba-
tions with improved outcomes such as reduced length of
hospital stay.'”?° There is a paucity of data on nocturnal
extubations in the general PICU population, with only 1
study identified through literature review.” That study
was performed in an 8-bed PICU in Brazil and reported
no increased complication rates in subjects extubated at
night.

Timely extubation is important. However, aggressive
extubation strategies should be balanced with the morbidity
and mortality associated with extubation failure.***
Therefore, we aimed to evaluate the outcomes of daytime
and nocturnal extubations in a large, academic PICU. We
hypothesized that extubation failure would not be corre-
lated with extubation shift. Furthermore, we hypothe-
sized that the duration of mechanical ventilation at first
extubation and the length of PICU stay would be lower
in the cohort extubated during the night shift.

Methods
Setting

The PICU at Children’s of Alabama is a 24-bed, tertiary
care, mixed medical and surgical unit within a free-stand-
ing, academic children’s hospital. There is a separate 26-
bed stepdown unit staffed by nonintensivist prescribers and
a separate 20-bed cardiac ICU. There are approximately
1,600 admissions/y to the PICU, with 44.8% of children
requiring mechanical ventilation for a mean duration of
4.3 din 2019.

There are 4 respiratory therapists (RTs) dedicated solely
to the PICU on each shift. Except in cases of extracorporeal
membrane oxygenation, continuous renal replacement ther-
apy, organ transplantation, septic shock, and critical air-
ways, the patient-to-nurse ratio is maintained at 2:1. The
nursing and RT staffing levels are the same during both the
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Current knowledge

Duration of mechanical ventilation is related to the risk
of complications. The timing of admission to the pedi-
atric ICU is associated with mortality. The timing of
extubation may also correlate with outcomes. The ma-
jority of pediatric extubations occur during day shift
hours.

What this paper contributes to our knowledge

In a large, academic pediatric ICU, there was no asso-
ciation between extubation shift and extubation failure
or complications during re-intubation. Children extu-
bated at night had a shorter duration of mechanical
ventilation and length of stay in the pediatric ICU.

day shift and the night shift. During day shifts, the pre-
scriber team consists of 2 attending intensivists, 1-2 nurse
practitioners, 1-2 fellows of varying levels of training, and
4-5 residents. During night shifts, there is at least 1 upper-
level PICU fellow (ie, in second or third year of training) or
an attending intensivist directing care in the PICU. In cases
where an upper-level PICU fellow is present at night, an
attending generally takes at-home call. At night, 1-2 resi-
dents are on call. Other than a few sporadic events, nurse
practitioners did not work night shifts during the study pe-
riod. There is round-the-clock in-house anesthesia coverage
with residents or certified registered nurse anesthetists. The
anesthesia attending is available in-house until 23:00 (ie,
11:00 pm) on most days. There is no round-the-clock cover-
age by in-house otolaryngologists.

Study Design and Subject Selection

This was a secondary, retrospective cohort analysis of
the local ventilation liberation quality improvement initi-
ative data. The requirement for informed consent was
waived by the institutional review board. The ventilation
liberation initiative is an ongoing, multi-phase project
aimed at decreasing the average duration of mechanical
ventilation for all children admitted to this PICU. Data
from the first 4 phases were included. Regardless of
phase, inclusion criteria were age < 19 y and the pres-
ence of an oral or nasal endotracheal tube. Phases 1-3
focused on the development and implementation of
an RT-driven extubation readiness test pathway and
included only patients intubated for a primary lower re-
spiratory tract etiology (see the supplementary materials
at http://www.rcjournal.com). We have previously pub-
lished exclusion criteria and methodology for these
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phases.”* Phase 1 included pre-intervention data col-
lected prior to interventions, which occurred in phases 2
and 3. Phase 2 was the initial introduction of the path-
way, and phase 3 was the introduction of a daily round-
ing tool accompanying the same pathway. The fourth
and largest enrollment phase included all patients meet-
ing the aforementioned inclusion criteria with no exclu-
sion criteria (ie, patients intubated for any reason). This
fourth phase included both a baseline and an intervention
data set. Throughout all phases, extubation decisions
were not mandated based on extubation readiness tests
results and were left to the discretion of the prescriber
team.

Mechanical ventilation encounters were extracted from
the data sets for these phases. The following encounters
were excluded: palliative extubations, unplanned extuba-
tions, and encounters that did not include an extubation
attempt (ie, tracheostomy placement or mortality). An indi-
vidual subject could have multiple ventilator encounters
included from the same hospital admission or from differ-
ent hospital admissions. However, ventilator encounters
that immediately followed an extubation failure (ie, within
48 h) were not included.

Data Collection and Definitions

Throughout all 4 phases, data were either collected by or
confirmed for accuracy by the principal investigator. The
data for phase 1 and pre-intervention data for phase 4 were
obtained through retrospective chart review of ventilator
encounters identified through local database review. Data
for all other phases were collected prospectively.

The following demographic data were collected: age,
race, and gender. The following clinical factors were col-
lected: Pediatric Index of Mortality-3 (PIM-3) score, pri-
mary indication for intubation, date/time of intubation and
extubation, re-intubation events, duration of mechanical
ventilation at first extubation for that encounter, length of
PICU stay, PICU mortality, cause of extubation failure,
and presence or absence of comorbid extubation failure
risk factors. Reviewer bias was mitigated through the
use of strict data definitions. While there was no stand-
ard adjudication process, there were informal consensus
discussions between the principal and senior investiga-
tor in the case of ambiguity regarding any data elements.

Day shift was defined as 07:00 to 18:59, and night shift
as 19:00 to 06:59. The timing of intubation and extubation
was abstracted from the respiratory and nursing flowsheets
in the electronic medical record (EMR). Extubation failure
was defined as replacement of the endotracheal tube = 48
h after extubation. The cause of extubation failure was
obtained through direct communication with the prescriber
present at the re-intubation. Where this was not possible,
the cause of extubation failure was obtained by reviewing
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the fellow or attending physician documentation in the
EMR. Noninvasive ventilation (NIV) was defined as any
use of CPAP or bi-level positive airway pressure. High-
flow nasal cannula was not classified as NIV, and data on
its use were not collected. Subjects on baseline NIV for any
length of time during their routine home care were not con-
sidered in the NIV use data analysis. Length of PICU stay
was defined as the difference between physical arrival to
the PICU and the time a transfer order was entered.
Comorbid extubation failure risk factors were evidence-
based and included age = 24 months, syndromic or dysge-
netic comorbidity, chronic neurologic comorbidity, chronic
respiratory comorbidity, acute or chronic airway problem,
acute surgical airway problem, or chronic NIV use.?* The
presence or absence of these risk factors was determined by
the principal investigator and adjudicated with the senior
investigator when necessary.

In cases of extubation failure, re-intubation events were
abstracted from the EMR and, where possible, direct com-
munication with prescribers present during the event. The
number of laryngoscopy attempts and adverse events were
collected from the procedure notes, physician dictations,
and direct communication when possible. Airway experts
were defined as anesthesia providers or otolaryngologists.

Statistical Methods

No sample size calculation was performed given the ret-
rospective study design evaluating an existing data set.
Categorical variables are presented as sums and percen-
tages. Statistical comparisons for these variables were per-
formed using the chi-square test. All continuous variables
were nonparametric and are presented as medians with
interquartile range. For comparison of these variables, the
Mann-Whitney U test was performed. These statistical
analyses were prepared using SPSS 25 (IBM, Armonk,
New York). Logistic regression analysis was also per-
formed to identify the covariates associated with the out-
come of extubation failure. Covariates included extubation
shift, age, PIM-3 score, primary indication for mechanical
ventilation, total extubation failure risk factors present, and
duration of mechanical ventilation at the first extubation
attempt. To quantify the association, the odds ratios were
estimated with the corresponding 95% Cls. This analysis
was performed with only the first mechanical ventilation
course for an individual subject (no repeat subjects
permitted), as well as at the level of the mechanical venti-
lation encounter (repeat subjects permitted). For the me-
chanical ventilation encounter analysis, logistic regression
analysis was performed with generalized linear mixed
models to account for the correlation of outcomes within
repeat subjects. All hypothesis tests were 2-tailed with a
P value < .05 to indicate statistical significance. Linear
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Unigue mechanical ventilation
encounters in the ventilation
liberation database
693

Encounters excluded
1M1

Unplanned extubation: 10
Palliative extubation: 10
Following extubation failure: 56
Died before extubation: 28
Limitations of care order: 1
Tracheostomy before extubation
attempt: 6

\

Unique mechanical ventilation
encounters with an extubation
attempt analyzed
582

Repeat subject

encounters excluded
65

| (Subjects with multiple ventilation
courses: 46)
2 ventilation courses: 30
3 ventilation courses: 13
4 ventilation courses: 3

A

Unique subjects
517

Fig. 1. Flow chart.

regression analysis was performed using SAS 9.4 (SAS
Institute, Cary, North Carolina).

Results
Cohort Description

The STROBE diagram is presented in Figure 1. There
were 693 ventilator encounters within the quality improve-
ment initiative database. Of those encounters, 582 included
an extubation attempt, representing 517 unique subjects.
Each phase contributed the following number of ventilation
encounters: phase 1: 90 (72% day shift extubations); phase
2: 16 (62.5% day shift extubations); phase 3: 29 (75.9% day
shift extubations); phase 4 pre-intervention: 249 (71.1% day
shift extubations); phase 4 intervention: 198 (62% day shift
extubations). There was no significant difference in the dis-
tribution of day and night shift extubations between the
phases (P = .20).

Descriptive statistics stratified by extubation shift and at
the level of the ventilation encounter (repeat subjects per-
mitted) are presented in Table 1. There were more extuba-
tion events during night shift for mechanical ventilation
encounters initiated due to status epilepticus (P = .005).
Conversely, significantly more extubation events where a
surgical airway risk factor was present occurred during day
shift (P = .02). No other descriptive variables reached
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statistical significance. These same data are presented
at the level of the unique subject (ie, repeat mechanical
ventilation encounters excluded) (see the supplemen-
tary materials at http://www.rcjournal.com). The only
additional variable that reached statistical significance
between shifts in that analysis was gender, with more
males included in the nighttime extubation cohort
(P =.03).

Extubation Outcomes

Extubation outcome data at the level of the mechanical
ventilation encounter are presented in Table 2. The duration
of mechanical ventilation at first extubation and length of
PICU stay were both significantly lower in the nighttime
extubation encounters (P < .001 for both). While not statis-
tically significant, the 48-h extubation failure rate was
2.2% lower in the nocturnal extubation cohort (P = .40).
The 48-h extubation failure rate for all encounters together
was 9.6% at the level of the mechanical ventilation encoun-
ter and 6.8% with only the first ventilation encounter for
each subject included.

Extubation Failures

Mechanical ventilation encounters where the first extu-
bation attempt failed within 48 h were analyzed sepa-
rately (56). One subject had 2 failures in the day shift
extubation cohort. Both failures occurred during the same
hospitalization. Another subject had a failure in both the
day shift and night shift cohorts during separate hospital-
izations. All other extubation failures represented unique
subjects. The median (interquartile range) time between
extubation and re-intubation was 4.58 h (0.15-45.13) and
3.22 h (0.12-34.42) for night and day shift extubations,
respectively (P = .66). The majority of night shift failures
underwent extubation during the first (26.7%) and last
(66.7%) quartile of the night shift. In contrast, most day
shift failures underwent extubation during the second
(36.6%) and third quartiles (26.8%) (P < .001). For extu-
bations occurring during day shift, the majority of re-intu-
bations occurred during the night shift (75.6%). In
comparison, for extubations occurring during the night
shift, the majority of re-intubations occurred during the
day shift (60%) (P = .01). There were 5 encounters for
which re-intubation documentation was not available.

When compared by the shift when re-intubation occurred,
there was no significant difference for the presence of
documented complications (day shift 42.9% vs night shift
37.5%) (P = .72). Documented complications by shift are
presented in Table 3. The median number of laryngos-
copy attempts was 1 for re-intubations occurring during
both shifts (P = .67).
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Table 1. Descriptive Statistics for Day and Night Shift Extubations”

Day Shift Night Shift P
Subjects 397 (68.2) 185 (31.8)
Age, months 40 (9-114) 38 (9-107) .80
Male 225 (56.7) 120 (64.9) .061
Race .84
White 200 (50.4) 86 (46.5)
African American 173 (43.6) 86 (46.5)
Hispanic 18 (4.5) 10 (5.4)
Other 6 (1.5) 3(1.6)
Primary indication for mechanical ventilation
Infectious LRTI 166 (41.8) 68 (36.8) 25
Status epilepticus 32 (8.1) 29 (15.7) .005
Altered mental status 33 (8.3) 20 (1.8) .33
Postoperative state 40 (1.1) 15 (8.1) 45
Traumatic brain injury 19 (4.8) 7(3.8) .59
Shock 31(7.8) 12 (6.5) 57
Other 76 (19.1) 34 (18.4) .83
PIM-3 score —4.4(—4.7t0 —-3.4) —4.5 (—4.7to —-3.5) .56
Extubation failure comorbidity present
Age = 24 months 159 (4.1) 78 (42.2) .63
Dysgenetic/syndromic condition 58 (14.6) 18 (9.7) .10
Chronic neurologic condition 114 (28.7) 46 (24.9) .33
Chronic respiratory condition 126 (31.7) 50 (27.0) 25
Acute surgical airway condition 20 (5.0) 2 (1.1) .02
Acute or chronic medical airway condition 16 (4.0) 6(3.2) .64
Chronic noninvasive ventilation 19 (4.8) 10 (5.4) 75
Total extubation failure comorbidities present
0 89 (22.4) 43 (23.2) 12
1 171 (43.1) 99 (53.5)
2 78 (19.6) 22 (11.9)
3 52 (13.1) 18 (9.7)
4 6 (1.5) 2 (1.1)
5 1(0.3) 1(0.5)
Data are presented as n (%) or median (interquartile range).
* At the level of ventilation encounter (repeat subjects permitted).
LRTI = lower respiratory tract infections
PIM-3 = Pediatric Index of Mortality 3
Logistic regression analysis considering only the first Discussion

mechanical ventilation encounter for each subject demon-
strated that the only statistically significant covariates con-
tributing to 48-h extubation failure were total hours of
mechanical ventilation at first extubation (P = .004) and
the presence of 1 extubation failure risk factor (P = .03)
(Table 4). For every 5-h increase in duration of mechanical
ventilation, the odds of extubation failure increased by 1.02
(95% CI 1.005-1.03). Extubation shift was not significantly
associated with extubation failure (P = .44). Regression
analysis at the level of the mechanical ventilation encounter
(repeat subjects permitted) demonstrated only mechanical
ventilation duration was associated with 48-h extubation
failure (P = .01). Extubation shift was not significantly
associated with extubation failure (P = .84) (see the supple-
mentary materials at http://www.rcjournal.com).
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This study represents the largest sample size to date on
diurnal extubation practice outcomes in pediatrics and the
first performed in a large, academic PICU. Extubation shift
was not independently associated with extubation failure.
Furthermore, the duration of mechanical ventilation at first
extubation and length of PICU stay were lower in subjects
who were extubated at night. Lastly, there were no signifi-
cant differences in subjects requiring NIV within 48 h of
extubation between the 2 shifts. Therefore, while other clin-
ical factors may be important for extubation timing, the
time of day may carry less weight.

Clinical intuition and experience play an important role
in pediatric extubation practice. Attempts to standardize pe-
diatric extubation readiness assessment have often failed to
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Table 2. Outcomes in Day Shift versus Night Shift Extubations”
Day Shift Night Shift P

Subjects 397 (68.2) 185 (31.8)
Duration of mechanical ventilation, h 62.5 (23-137.5) 37.6 (9.7-85) <.001
Extubated to or escalated to NIV within 48 h of extubation 40 (10.6) 17 (9.7) .76
Extubation failure within 48 h 41 (10.3) 15 (8.1) .40
Primary cause of extubation failure 77

Upper airway obstruction 19 (46.3) 5(33.3)

Respiratory distress 7(7.1) 5(33.3)

Impaired gas exchange 6 (14.6) 1(6.7)

Neuromuscular weakness 3(7.3) 1(6.7)

Other neurologic compromise 2(4.9) 1(6.7)

Other 6 (4.0) 2(13.3)
Medical pediatric ICU length of stay, d 4.5 (1.9-9.0) 2.8 (0.9-6.5) < .001
Data are presented as 7 (%) or median (interquartile range).
* At the level of ventilation encounter (repeat subjects permitted).
NIV = noninvasive ventilation
Table 3.  Re-intubation Shift and Documented Complications Table 4.  Logistic Regression Analysis for Covariates Associated

Documented Re-Intubation

With Extubation Failure”

Complication Day Shift — Night Shift P Odds Ratio (95% CI) P
Cardiac arrest 2(5.7) 1(6.3) 94 Extubation shift, day versus night 0.76 (0.37-1.53) .44
> | laryngoscopy attempt 10 (28.6) 2(25) .79 Age, months 1.0 (1-1.01) Sl
Airway expert required 3(8.6) 2 (12.5) .66 PIM-3 score 1.14 (0.85-1.52) .38
Desaturation 4(11.4) 0 (0) .16 Duration of ventilation at first extubation, h 1.02 (1.01-1.03)  .004
- Indication for mechanical ventilation"

Data are presented as 1 (%). Infectious lower respiratory tract infection ~ 2.27 (0.62-8.37) .22
Status epilepticus 0.32 (0.03-3.37) .35
Altered mental status 0.26 (0.02-2.94) .28
show improved reliability over clinical opinion alone.* Traumatic brain injury 1.22(0.17-8.95) .84
Therefore, it is possible that prescriber practice introduced Shock all types 1.43(0.27-7.57) .68
. . Other 1.2 (0.27-5.39) .81
some degree of confounding in the results presented here. S ¢ L .
. R . um of extubation risk factors present
Subjects who were felt to be better extubation candidates ) 0.36 (0.15-0.88) .03
may have been extubated more frequently at night. All fac- ) 0.8(029-22) .67
tors that make up clinical intuition cannot be measured or 3 1.54 (0.54-439) .43
quantified. However, the logistic regression analysis that 4&5 0.93(0.1-8.87) .95

considered the covariates of primary indication for mechan-
ical ventilation, illness severity, and extubation failure risk
factors still showed no correlation between extubation fail-
ure and extubation shift.

Duration of mechanical ventilation at first extubation
was significantly correlated with extubation failure in
both regression models. This finding was expected and
most likely related to the complications of prolonged me-
chanical ventilation, primarily deconditioning and ventila-
tor-induced diaphragmatic atrophy. For every 5-h increase
in the duration of mechanical ventilation, the odds of extu-
bation failure increased by 1.02, further supporting a phi-
losophy that the extubation readiness should be assessed
on a continuous basis rather than only daily.

Nonetheless, correlation should not be misinterpreted as
causation regarding the shorter duration of mechanical
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*No repeat subjects permitted; only the first ventilation encounter is included.
T Reference is postoperative state.

#Reference is zero extubation risk factors.

PIM-3 = Pediatric Index of Mortality 3

ventilation and length of PICU stay for subjects extubated at
night. Prescribers may have been less likely to extubate chil-
dren with longer mechanical ventilation courses during the
night as they may have been considered to have a higher risk
for failure. Additionally, the nocturnal extubation cohort con-
tained more subjects intubated for status epilepticus. These
subjects generally have short ventilation courses while their
acute neurologic compromise resolves. A ventilated child
cannot leave a PICU until they are extubated. Therefore, it
follows that the PICU length of stay would also be shorter.
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It is interesting that the majority of re-intubations occurred
during the opposite shift of extubation. Furthermore, there
was no difference in reported complications or the median
number of laryngoscopy attempts between re-intubations
occurring on day and night shifts. This argues against the
convention that it is “better to fail in the light of day.” A sig-
nificantly higher number of subjects with surgical airway
issues were extubated during the day shift. This reflects insti-
tutional practice and is logical as the surgical team is readily
available during the day.

The external validity of this study is likely limited to
other large, academic PICUs with similar staffing models.
Nocturnal extubations could very well have worse out-
comes where there are higher nurse-to-patient ratios or less
availability of experienced prescribers. Reviewer bias is
also possible given that some data elements were obtained
through retrospective chart review. Likewise, the potential
for documentation bias exists.

Evidence that ICU liberation strategies improve patient
outcomes and prevent complications is continuously grow-
ing.?® Ventilation liberation is a key element in these bun-
dles. It is crucial that pediatric critical care providers
challenge convention. Escalation does not wait for the sun
to rise, and neither should de-escalation.

Conclusions

In this retrospective cohort study, extubation shift was
not independently associated with extubation failure. The
duration of mechanical ventilation at first extubation and
length of PICU stay were shorter in subjects extubated at
night, but this difference likely reflects a predilection for
extubation of a lower-risk subset of patients at night. There
was no difference in re-intubation complications based on
shift. Further assessment in PICUs of varying sizes and
staffing models is necessary to evaluate the external valid-
ity of these findings.
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