Effect of Noninvasive Ventilation After Unplanned Extubation
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BACKGROUND: Our study set out to test the effect of noninvasive ventilation (NIV) per-
formed after unplanned extubation. METHODS: Retrospective analysis of prospectively col-
lected data in a university-affiliated mixed ICU of 12 beds during a 5-y period (January 2013
to December 2017). Unplanned extubation was defined as the occurrence of an unplanned
removal of the endotracheal tube, whether deliberate or accidental. NIV after an unplanned
extubation was not protocolized and was decided by the physician in charge on an individual
basis. RESULTS: A total of 121 subjects (median [25th-75th percentile] age, 62.1 [43.3-73.6] y;
median [25th-75th percentile] Simplified Acute Physiology Score II, 45 [36-54]) experienced
131 unplanned extubation episodes. Re-intubation was deemed necessary in 35 subjects (28.9%).
NIV was used in 24 subjects (19.8%) (prophylactic NIV, n = 10; rescue NIV, n = 14). The
re-intubation rates were 25.8%, 10%, and 64.3% in the no NIV, prophylactic, and rescue NIV
subgroups, respectively. The median (25th-75th percentile) time to re-intubation was longer for
subjects on NIV (9.1 [3.5-49.2] vs 0.46 [0.25-1] h, P = .001). The median (25th-75th percentile)
ICU length of stay and duration of mechanical ventilation were longer in the subjects who
underwent NIV (14.5 [7-24.5] vs 6 [3-14] d, respectively, P = .004; and 9 [3-22] vs 3 [1-7.3] d,
respectively, P = .003). CONCLUSIONS: NIV after unplanned extubation had uncertain effi-
cacy, especially when provided as rescue management of postextubation respiratory failure. Key
words: unplanned extubation; noninvasive ventilation; re-intubation; outcome; ICU; prophylaxis.
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Introduction

Endotracheal intubation is frequently required during
critical care patient management but harbors a number of
serious complications, such as unplanned extubation. Un-
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planned extubation encompasses either deliberate removal
of an endotracheal tube by the patient or accidental removal
during care. The incidence of unplanned extubation usually
ranges from to 3 to 14% according to some studies'-? but can
be as high as 33% according to other research.? Unplanned
extubation may have severe consequences, with re-intubation
required in 28.5 to 74.7% of cases. Cardiac arrhythmias, la-
ryngeal injuries,* nosocomial pneumonia,” and difficult re-
intubation® have been described as well, with potential life-
threatening issues.”-® Inconsistent findings on unplanned
extubation outcome exist; nevertheless, outcomes seem to
mainly be driven by the need for re-intubation.>%-!1
Re-intubation after planned extubation also carries a poor
prognosis and is associated with a longer ICU length of
stay,'>14 need for invasive ventilation,'>!3 higher ventilator-
associated pneumonia'>'¢ rates, and reduced survival.!?-4 In
the setting of planned extubation, prophylactic noninvasive
ventilation (NIV) has been proven to be useful to decrease the
incidence of postextubation respiratory failure and the sub-

RESPIRATORY CARE ® MARCH 2019 VoL 64 No 3



NIV AND UNPLANNED EXTUBATION

sequent need for re-intubations in at-risk populations. These
patients are mainly represented by the elderly and patients
with COPD or with chronic cardiac disability.!” Analysis of
current data indicates against the use of rescue NIV in pa-
tients who experience postextubation acute respiratory fail-
ure'® because of the risk of delayed re-intubation with the

SEE THE RELATED EDITORIAL ON PAGE 352

subsequent prognostic consequences. Although providing
NIV in a subset of patients with unplanned extubation is
an interesting option, data regarding NIV in this setting are
scarce and have yielded contradictory results.!®-2° Recent
guidelines underline the need to specifically address the
use of NIV in this group of patients.?! Therefore, our main
goal was to test the effect of NIV after unplanned extu-
bation.

Methods
Design and Settings

This was a retrospective analysis of prospectively col-
lected data. The study was conducted in a university-af-
filiated mixed ICU of 12 beds over a 5-y period (January
2013 to December 2017). Unplanned extubation is a fre-
quent adverse event in the ICU, and documenting these
events is recommended by both the French intensive care
society (Société de Réanimation de Langue Francaise) and
our institution’s quality-related policies. Our unit follows
these guidelines and routinely collects these data. There-
fore, informed consent was not deemed necessary; how-
ever, the patients and their proxies were informed about
the study and its goals. It is also stated on the admission
leaflet of our department, which is provided to all patients
and their proxies, that some variables could be anony-
mously registered for academic purposes.

Subjects

All adult patients (age > 18 y) with an endotracheal tube
during their ICU stay were eligible. Unplanned extubation
was defined as the occurrence of unplanned removal of the
endotracheal tube, either deliberately or accidentally. A un-
planned extubation may influence subsequent patient out-
comes, including clinical sequelae after a second unplanned
extubation; therefore, we only recorded the first such event in
each subject. We excluded patients with a tracheostomy dur-
ing their ICU course.

Management in ICU

A nurse-driven sedation protocol assessed by the Rich-
mond Agitation Sedation Scale?? is used in our unit. One
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Current knowledge

Re-intubation after unplanned extubation occurs in at
least 28% of patients. Extubation failure and re-intuba-
tion is associated with greater morbidity and mortality.
The precise effect of noninvasive ventilation after un-
planned extubation is unknown.

What this paper contributes to our knowledge

In a retrospective study, noninvasive ventilation did not
improve the rate of re-intubation in subjects who har-
bored acute respiratory failure after unplanned extuba-
tion. Prophylactic noninvasive ventilation in this setting
did not decrease the re-intubation rate.

benzodiazepine (midazolam) and an opioid agent (sufen-
tanil) are continuously administered to reach the desired
Richmond Agitation Sedation Scale score. Other agents,
including common non-protocolized sedative drugs, may
also have been given in specific circumstances. However,
physicians and residents are asked to follow the sedation
protocol as much as possible to achieve an arousal level
adapted to the patient’s needs. Endotracheal tubes are se-
cured with tape by fixation to the tube and then wrapping
this around the patient’s neck. The patient to nurse ratio is
2.5:1.

NIV was defined as prophylactic when performed shortly
after extubation before any signs of respiratory failure (pro-
phylactic NIV). According to current evidence, our insti-
tution uses NIV in patients at high risk of postextubation
respiratory failure: COPD or other chronic severe respira-
tory impairment, chronic cardiac failure, elderly patients,
and in some patients extubated after prolonged mechanical
ventilation.?! Rescue NIV was defined as the use of NIV
to treat subjects with postextubation respiratory failure.
The No NIV group includes subjects managed without
NIV after unplanned extubation. Re-intubation was con-
sidered related to unplanned extubation up to 72 h after
extubation. Initial NIV settings followed our unit’s proto-
col: a pressure support of 8 cm H,O, PEEP of 5 cm H,0,
inspiratory trigger of 1 L/min, and an F,, adapted to ob-
tain a S, = 92%. These settings were then titrated, ac-
cording to patient tolerance, to decrease frequency to 20—
25 breaths/min with a tidal volume of 6—8 mL/kg of
predicted body weight.

Data

We collected demographic data (age, baseline comorbidi-
ties), reason for ICU admission, Simplified Acute Physiology
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Score II, the time between intubation and unplanned extuba-
tion, time between ICU admission and unplanned extubation,
the hour of unplanned extubation, the timing of re-intubation,
duration of mechanical ventilation, ICU length of stay, and
ICU survival.

Statistical Analysis

Statistical analysis was performed by using Statview 5.0
(SAS Institute, Cary, North Carolina). Continuous variables
are expressed as median (25th-75th percentile) and compared
by using the Mann-Whitney test. Categorical variables are
expressed as number (percentage) and compared by using the
Fisher exact test. A P value of <.05 was considered statisti-
cally significant.

Results

Population

During the study period, 121 subjects experienced 131
unplanned extubation episodes, which led to an incidence
of 11.4 episodes per 1,000 ventilator days. The subjects
had median (25th-75th percentile) age 62.1 (43.3-73.60) y,
with a median (25th-75th percentile) Simplified Acute
Physiology Score II of 45 (36-54). Key characteristics of
included subjects are summarized in Table 1. The main
ICU admission diagnoses were hemodynamic in 14 cases
(sepsis, n = 7), respiratory in 40 cases (de novo acute
respiratory failure, n = 24), exacerbation of chronic re-
spiratory impairment (n = 11), neurologic in 45 cases
(toxic coma, n = 27; seizures, n = 7), postoperative in
13 cases, and miscellaneous in 9 cases (gastrointestinal
bleeding, n = 7) (Table 1). Re-intubation was necessary in
35 subjects (28.9%) within 72 h after unplanned extuba-
tion. Three more subjects were re-intubated: one at 139,
one at 274, and one at 453 h after unplanned extubation.
Because of the delay, their re-intubation was not consid-
ered associated with unplanned extubation.

NIV after unplanned extubation was provided to
24 subjects (19.8%), including 10 subjects for prophy-
lactic purposes and the remaining 14 for postextubation
respiratory failure (Figure 1). The reasons for re-intu-
bation were respiratory failure (n = 30), shock (n = 2),
and neurologic impairment (n = 3). Among the 30 sub-
jects re-intubated for acute respiratory failure, 1 exhib-
ited apnea, 1 had laryngeal edema, 1 experienced aspi-
ration pneumonia, and the remaining 27 exhibited
worsening oxygenation because of ongoing disease. Six
subjects (20%) required re-intubation within the first
minutes after unplanned extubation. Twenty-one sub-
jects (70%) and 26 subjects (86.7%) had to be re-intu-
bated within 3 h and within 24 h, respectively, after
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Table 1.  Description of All Subjects in Unplanned Extubation

Cohort

Variable Result

Age, median (25th-75th percentile) y 62.1 (43.3-73.6)
Females/males, n 43/78
SAPS II, median (25th-75th percentile) 45 (36-54)
Chronic respiratory impairment, n (%) 15(12.4)
Chronic cardiac disease, n (%) 5@4.1)
Admission diagnosis, n (%)

Hemodynamic 14 (11.6)

Respiratory 40 (33)

Neurologic 45 (37.2)

Postoperative 13 (10.8)

Other 9(7.4)
Ventilation patterns

Assist-control ventilation, n (%) 38 (31.4)

Pressure support, n (%) 77 (63.6)

SBT, n (%) 6(5)

Fio,» median (25th-75th percentile) % 40 (30-40)
V1, median (25th-75th percentile) mL 450 (412-526)
Breathing frequency, median (25th-75th 20 (18-25)

percentile) breaths/min

P.o,/Fio,, median (25th-75th percentile) 308 (242-377)

Voluntary unplanned extubation, n (%) 101 (83.5)

Re-intubation, n (%) 35 (28.9)

Time between unplanned extubation and 0.6 (0.3-4.3)
re-intubation, median (25th-75th percentile) h

Time on mechanical ventilation, median 4 (1-10.3)
(25th-75th percentile) d

ICU LOS, median (25th-75th percentile) d 7 (3.5-16)

Survival, n (%) 109 (90.1)

N =121.

SAPS = Simplified Acute Physiology Score
SBT = spontaneous breathing trial

Vr = tidal volume

LOS = length of stay

unplanned extubation; the remaining subjects were re-
intubated 24—72 h after unplanned extubation.

There was no difference in the number of subjects who
received continuous sedation at the time of unplanned ex-
tubation according to re-intubation (9/35 vs 16/86, respec-
tively in reintubated and non reintubated patients, P = .46).
Only 1 subject who underwent NIV after unplanned extu-
bation received sedation, with no difference in the re-
intubation rate compared with the subjects who did not
receive sedation (1/10 vs 0/14, respectively, P = .42). In
comparison with the subjects who did not undergo NIV,
the subjects who did undergo NIV were older (median
[25th-75th percentile]: 75.7 [65.7-84.3] y vs 56.7 [38.9—
69.3]y, P < .001), were more likely to have had a chronic
respiratory impairment (33.3 vs 7.2%, P = .008), more
frequent respiratory disease (66.7 vs 23.7%, P = .01), and
less frequent neurologic disease (8.3 vs 45.4%, P = .02) as
a reason for ICU admission (Table 2).
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Patients with unplanned
extubation
121

24

!

10

Prophylactic NIV Rescue NIV

! ! !

! , ‘

Re-intubation No re-intubation Re-intubation
1(10%) 9 (90%) 9 (64.3%)
\ \ \
Died Died Died
1 (100%) 1(11.1%) 4 (44.4%)

Fig. 1. Flow chart. NIV = noninvasive ventilation.

Outcome According to NIV

Overall, the re-intubation rates were 25.8%, 10%, and
64.3% in subjects with no NIV, subjects on prophylactic
NIV, and subjects on rescue NIV, respectively, which led
to a non-statistically significant difference between the
subjects with no NIV and all the subjects on NIV (Figure
1 and Table 2). The duration of NIV was not protocolized
in the investigating center. Nevertheless, NIV sessions of
1 h separated by 2-4 h of spontaneous breathing was
widely used for prophylactic NIV. With regard to rescue
NIV, the durations of NIV sessions were adjusted based on
signs of respiratory failure. The duration of NIV sessions
in this setting ranged from 1 h, to every 4 h, to continuous
NIV for as long as 36 h. The time to re-intubation was
longer for subjects who received NIV (median [25th-75th
percentile]: 9.1 [3.5-49.2] h vs 0.46 [0.25-1] h, P = .001).
We found a trend toward a higher re-intubation rate in the
rescue NIV compared with the no NIV group (64.3 vs
25.8%, P = .061), and the prophylactic NIV subgroup
(64.3 vs 10%, P = .11). As a comparison, during the study
period, NIV after planned extubation was performed in
141 subjects, with 118 for prophylactic purposes and 23 as
a rescue therapy. Re-intubation rates were similar between
planned and unplanned extubation for prophylactic NIV
(16/118 vs 1/10, respectively, P = .78) and rescue NIV
(9723 vs 9/14, respectively, P = .56).

The ICU length of stay and duration of invasive venti-
lation were longer in the subjects on NIV compared with
the no NIV group (Table 2). This difference was mainly
driven by the rescue NIV subgroup of subjects, which had
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No re-intubation Re-intubation No re-intubation
5 (35.7%) 25 (25.8%) 72 (74.2%)
A / A
Died Died Died
0 7 (28%) 0

a higher ICU length of stay (median [25th-75th percen-
tile]:18.5 [14-29] d vs 6.5 [4-10] d, P = .009) and the
duration of invasive ventilation (median [25th-75th per-
centile]: 11.5 [9-23] d vs 3 [2-5] d, P = .009) compared
with the prophylactic NIV subgroup. With regard to sur-
vival, all the subjects who required re-intubation in the
prophylactic NIV subgroup died as well as 4 of the 9 sub-
jects (44.4%) who were re-intubated after rescue NIV and
7 of the 25 (28%) who were re-intubated but did not re-
ceive NIV (Figure 1). There was only one fatality among
not reintubated patients, in the subgroup of “prophylactic”
NIV. Altogether, there was no statistical difference in over-
all survival.

Discussion

The main findings of our study were as follows: (1) the
subjects who required rescue NIV after unplanned extu-
bation had a longer duration of invasive ventilation and a
longer ICU length of stay, (2) prophylactic NIV after un-
planned extubation was not associated with decreased re-
intubation rates compared with the subjects who did not
undergo NIV, and (3) unplanned extubation prognosis
seemed closely associated with re-intubation. Few studies
report the use of NIV after unplanned extubation, without
evidence of efficacy.!®-2° NIV may be applied for different
purposes after a planned extubation. The goals of prophy-
lactic NIV are to reduce postextubation respiratory failure
and the subsequent need for re-intubation.

Evidence for the efficacy of NIV has mainly come from
patients at high risk for respiratory failure, such as those
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Table 2.

Comparison Among the Subgroups

NIV aAND UNPLANNED EXTUBATION

Whole Cohort

Variable No NIV « i 9 P*
(n=97) Whole Subgroup Prophylactic Rescue NIV
(n=24) NIV (n = 10) (n=14)
Age, median (25th-75th percentile) y 56.7 (38.9-69.3) 75.7 (65.7-84.3) 70.7 (65.6-81.5) 80.2 (71.6-84.6) <.001
Females/males, n 34/63 9/15 6/4 3/11 .88
SAPS 11, median (25th-75th percentile) 44 (35-54) 47 (41-53) 49 (45-58) 46 (41-54) 22
Chronic respiratory impairment, n (%) 7(7.2) 8(33.3) 3 (30) 5(33.3) .008
Chronic cardiac disease, n (%) 3@3.1) 2(8.3) 2 (20) 0(0) 27
Admission diagnosis, n (%)
Hemodynamic 12 (12.4) 2(8.3) 2 (20) 0(0) .62
Respiratory 23 (23.7) 16 (66.7) 5 (50) 11 (78.6) .01
Neurologic 44 (45.4) 2 (8.3) 2 (20) 0(0) .02
Postoperative 11 (11.3) 3(12.5) 1(10) 2(14.3) .89
Other 7(7.2) 1(4.2) 0 1(7.1) .60
Ventilation pattern
Assist-control ventilation, n (%) 35 (36.1) 3 (12.5) 1(10) 2(14.3) 13
Pressure support, n (%) 57 (58.8) 20 (83.3) 9 (90) 11 (78.6) .38
SBT, n (%) 5(5.1) 1(4.2) 0 1(7.1) .85
Fio,» median (25th-75th percentile) % 40 (30-40) 35 (30-40) 30 (30-40) 40 (30-43) .34
V., median (25th-75th percentile) mL 450 (420-500) 452 (385-533) 430 (396-474) 480 (378-629) .89
Breathing frequency, median (25th-75th 20 (18-25) 20 (18-26) 20 (18-26) 21 (19-25) 92
percentile), breaths/min
P.0,/Fio,» median (25th-75th percentile) 320 (238-381) 287 (269-345) 280 (253-338) 327 (283-405) .55
Voluntary unplanned extubation, n (%) 82 (84.5) 22 (91.7) 9 (90) 13 (92.9) .87
Re-intubation, n (%) 25 (25.8) 10 (41.7) 1(10) 9 (64.3) 13
Time between unplanned extubation and 0.46 (0.25-1) 9.1 (3.549.2) 29.5 5(3.5-49.4) .001
re-intubation, median (25th-75th percentile) h
Time on mechanical ventilation, median 3(1-7.3) 9 (3-22) 3(2-5) 11.5 (9-23)F .003
(25th-75th percentile) d
ICU LOS, median (25th-75th percentile) d 6 (3-14) 14.5 (7-24.5) 6.5 (4-10) 18.5 (14-29)+ .004
Survival, n (%) 90 (92.8) 18 (75) 8 (80) 10 (71.4) .86

* Comparison between No NIV group and whole NIV subgroups.
TP = .009 between prophylactic and rescue NIV.

NIV = noninvasive ventilation

SAPS = Simplified Acute Physiology Score

SBT = spontaneous breathing trial

Vr = tidal volume

LOS = length of stay

with COPD.!” NIV as a treatment for postextubation fail-
ure (rescue NIV) has also been evaluated. There is re-
search that NIV might not prevent re-intubation?? and may
even increase mortality by delaying the procedure.?* How-
ever, some investigators have suggested the use of rescue
NIV in patients with chronic hypercapnia.?> Respiratory
failure after unplanned extubation is not mentioned in our
institution’s NIV protocols, but physicians may deem it
clinically appropriate to provide NIV in this setting. We
highlight that, in our study, the time to re-intubation was
longer in the subjects on NIV. As previously stated, re-
searchers have reported that this delay may lead to adverse
outcomes in patients with a planned extubation.?*
Whether this is also true for patients with unplanned
extubation requires further investigation. Few options
exist regarding the management of respiratory failure
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after unplanned extubation, and re-intubation within min-
utes after the event is commonly reported in related
studies.!"!"! Therefore, we believed that NIV may have
reduced re-intubation in a subset of subjects with acute
respiratory failure after unplanned extubation. Also, in
asubstantial number of subjects in our study, NIV seemed
to have been provided to prophylactically avoid post-
extubation respiratory failure and re-intubation. Further-
more, we do not know whether these subjects would
have had a similar clinical course without the use of
NIV. It is also logical to provide prophylactic NIV after
unplanned extubation in patients who would have been
placed on this modality after a planned extubation. Nev-
ertheless, because of the lack of a weaning process that
leads to an optimization of the patient’s condition, both
the benefit and safety remain to be proven.
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Altogether, although NIV could be a viable option, fur-
ther data are needed to test its safety, efficacy, and precise
indications after unplanned extubation. Currently, despite
improvements in critical-care management, unplanned ex-
tubation is still a significant problem. Although risk fac-
tors have been identified in some cohorts, defining which
patient will experience unplanned extubation on an indi-
vidual basis remains challenging. Nevertheless, our study
found that this event can seriously impact the patient’s
ICU course and lead to worse outcomes, similar to results
from other studies.!®!2 Our research had several limita-
tions. First, it was a single-center study, and specificities in
the pre- and postextubation care (such as sedation man-
agement or nurse-to-patient ratio) as well as discrepancies
in the case mix, could limit the validity of our findings in
other settings. Second, it was a retrospective study, and we
may have missed eligible patients, with potential conse-
quences on our results.

Third, we decided not to exclude subjects who experi-
enced several unplanned extubations and to only record
the first episode. We were aware that it might have im-
pacted the ICU length of stay and other relevant clinical
outcomes. However, only 5 subjects experienced = 2 un-
planned extubation episodes; therefore, we believed that it
was appropriate to include them. Fourth, we were aware
that, despite a long study period, we included a limited
number of subjects, and our sample size was further de-
creased by subgroup analysis. Specifically, performing only
a Mann-Whitnney test between samples seemed a poor
analysis to define an association between NIV and out-
comes. In this kind of analysis, cofounders that were not
detailed in the present study may play a huge role in the
final results. We acknowledge that this might have biased
the statistical analysis. Therefore, we considered our study
to mainly be hypothesis-generating; the results should be
confirmed with a larger cohort of subjects.

Conclusions

In this single-center, retrospective study, we found that
NIV after unplanned extubation had uncertain efficacy,
especially when provided as rescue management of post-
extubation respiratory failure. When considering the dis-
mal outcome associated with re-intubation in this specific
setting, further data are needed to define the appropriate
role of NIV after unplanned extubation.
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