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Abstract

Background: Failed extubation (FE) occurs in 2 to 25% of patients after planned extubation (PE), depending on the patient population
studied.

Methods: Single-center retrospective analysis of consecutive patients undergoing invasive mechanical ventilation (MV) between May 2005
and July 2018. FE was defined as the need for reintubation within 48 hours of PE. Demographics, severity of illness scores and outcomes of FE
were captured prospectively for all patients. Review of the electronic medical record was conducted to capture retrospectively relevant clinical
characteristics close to each PE.

Results: Of 4,703 patients who underwent MV 2,898 had successful PE and 190 (6.2%) FE. Patients who had a FE were older (p=0.0153),
more likely to be functionally dependent prior to MV (p<0.0001) and had higher APACHE III scores (p<0.0001) compared to those who
had a successful PE. The most common reason for reintubation was hypoxic respiratory failure due to retained secretions (40.0%). FE was
independently associated with ICU LOS >7 days (p<0.0001), MV >7 days (p<0.0001), and ICU mortality (p=0.0004), but not hospital mortality,
and 34.7% required tracheostomy. The number of days of MV before planned extubation (p<0.0001), functional dependence (p=0.0002), APACHE
III score (p=0.0484), nonoperative respiratory (p=0.0074) and neurosurgical admission (p=0.0225) were risk factors for FE.

Conclusion: In this large longitudinal single-center cohort, FE was independently associated with prolonged ICU LOS, MV days and ICU
mortality. A longer duration of ventilation before PE, high severity of acute illness and functional dependency increased the risk of FE.

Keywords: Mechanical ventilation; Extubation; Reintubation; Respiratory failure; Intensive care unit

Abbreviation: APACHE: Acute Physiology and Chronic Health Evaluation; CPAP: Continuous Positive Airway Pressure; EMR: Electronic Medical
Record; FE: Failed Extubation; ICU: Intensive Care Unit; IQR: Interquartile Range; LOS: Length of Stay; MV: Mechanical Ventilation; OR: Odds
Ratio; PE: Planned Extubation; SD: Standard Deviation

Background

o ) ) . ) ) o reflect unnecessary caution, a high rate may suggest inadequate
The timing of liberation from invasive mechanical ventilation

(MV) is one of the most difficult decisions facing clinicians
in the intensive care unit (ICU). Prolonged MV is associated
with significant morbidity and risk of mortality [1]. Premature
liberation from the ventilator can lead to failed extubation (FE), There is only limited literature describing the outcomes of
commonly defined as the need for reintubation within 24-72  patients who need reintubation after a planned extubation (PE)
hours of a planned extubation (PE). While a low rate of FE may as well as the risk factors for FE3-9, and no single study has

evaluation of the patient’s readiness for extubation readiness. The
“optimal” rate of FE likely depends on the clinical characteristics
of the patient population [2].
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evaluated these two issues in the same cohort. The purpose of the
current investigation is to fill this knowledge gap. The primary
aim of this study was to determine the association between FE
and clinically relevant patient-centered outcomes, including
duration of MV, ICU LOS and ICU and hospital mortality, and
need for tracheostomy. We also determined which factors have
an independent association with FE. The tested hypotheses were
that occurrence of FE worsens clinical outcomes, and that certain
patient factors increase the risk of FE.

Methods
Patients

This investigation includes data from consecutive patients
who received invasive MV between October 2005 and July 2018 in
the mixed medical-surgical intensive care unit (ICU) of Stamford
Hospital, a university-affiliated teaching hospital in Stamford, CT.
The study protocol was approved by the local institutional review
board that waived the need for individual informed consent.

Setting and extubation practice

Care in the unit was delivered by an intensivist-led team,
round-the clock respiratory therapists and qualified nurses in
alto2toltolnurse to patient ratio, depending on patient
acuity. Liberation from the ventilator was guided by a respiratory
therapist-driven protocols. The final decision to extubate a patient
was made by the attending intensivist, based on integration of
three general factors-consideration of patient’s overall medical
status, a perceived capacity for the patient to successfully protect
the upper airway after extubation, and demonstration of the
patient’s capacity to tolerate low levels of MV support for at least
2 hours.

Data abstraction

Information abstracted from the ICU’s comprehensive
database included patient demographics and comorbidities, ICU
diagnosis, severity of illness scores (calculated prospectively
by one of the authors (JSK) and entered prospectively into the
database), duration of MV and ICU length of stay (LOS), and
mortality status in ICU and in hospital discharge. In all patients,
preadmission functional status was characterized on a 9-point
scale and recorded prospectively in the database using all
available information in the electronic medical record (EMR) at
the time of ICU admission.

For the purpose of this investigation patients were
characterized as being functionally independent, i.e., able to
perform basic activities of daily living, or functionally dependent.
Detailed review clinical characteristics captured in the electronic
medical record at the time of planned extubation, including
relevant ventilator settings, sedatives received and level of
alertness, and upper airway characteristics. Causes of FE were also
characterized and included hypoxic or hypercapnic respiratory
failure and their etiologies, inability to protect the upper airway,

and neurologic diagnoses.
Endpoints

The primary outcome was the association between FE and
clinical outcomes, specifically total duration of invasive MV, ICU
LOS, and ICU and hospital mortality. Secondary outcomes were
risk factors for FE, and tracheostomy incidence in patients who
had FE.

Statistical analysis plan

Continuous data are presented as mean (SD) or median
(IQR) and compared using Student’s t test or the Mann Whitney
rank sum test, as appropriate. Categorical data are presented as
percentages and compared using Chi-square tests. We compared
patients with FE to the patients who did not have FE after planned
extubation.

We constructed multivariable models to assess the
independent effects of FE on ICU mortality, hospital mortality,
prolonged MV (>7 days) and prolonged ICU LOS (>7 days) as well
as factors independently associated with FE. For each of these
models we considered for inclusion relevant parameters that
were significant at p value <0.05 and used backwards logistic
regression to include in the final model all parameters that were
significant at p value <0.10.

Results
Patients

A total of 4,703 patients underwent invasive MV during the
study period. Supplementary (Figure 1) illustrates patient flow.
The cohort includes patients undergoing PE as their initial MV
procedure. A total of 2,898 patients never required reintubation
(i.e., had a successful PE) and 190 (6.2% of the cohort) had FE.
(Table 1) details clinical characteristics of patients who had a
FE compared to patients with successful PE. Patients who had a
FE were older, had higher severity of illness scores, were more
often functionally dependent prior to hospitalization and were
more often admitted with medical rather than surgical diagnoses.
Supplementary (Table 2) details clinical characteristics of patients
based on specific diagnostic categories.

The rate of FE ranged from 2.1% for patients following
surgery to 11.3% for patients following
neurosurgical procedures. Among patients with non-surgical
admitting diagnoses, those for respiratory (10.1%) and neurologic
(10.1%) reasons had the highest rate of FE. The most common
reason for reintubation was hypoxic respiratory failure due to
the patient’s inability to clear upper airway secretions. Upper
airway dysfunction, including edema and stridor, occurred in

cardiovascular

approximately one fourth of the patients, as did impaired mental
status. Multiple causes of post extubation failure were seen in
over one third; in 10% the cause could not be determined from
review of the electronic medical record.
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s N
4,703 patients undergoing invasive mechanical
ventilation
1,615 patients excluded*:
| 495 underwent tracheostomy
-489 underwent extubation to withdraw support
-464 died while undergoing MV
-135 had unplanned extubation
-32 had multiple planned extubations
3,088 patients undergoing planned extubation
These are the number of patients with
.' : : : the designated outcome as the first MV
2,898 patients with 150 patients with event. For example, the 135 patients with
successful planned failed extubation unplanned extubation had a variety of
extubation subsequent events, including
reintubation, tracheostomy and
extubation to withdraw support.
Figure 1: Patient flow in the investigation, specifying the outcomes of mechanical ventilation of all 4,703 patients who underwent this
intervention during the study period.
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Figure 2: Interaction among functional dependence, days before planned extubation and APACHE Il score relating to the percentage of
patients with failed extubation.
N J

Association between FE and clinical outcomes

(Table 2) details clinical outcomes of patients with FE
compared to those who did not need reintubation. Patients with
FE had substantially longer ICU LOS and duration of mechanical
ventilation. Their readmission rate to the ICU was nearly twice as
high, compared to patients who had successful PE. More than one
third underwent tracheostomy. Finally, ICU and hospital LOS were
significantly higher. (Table 4) details the results of multivariable
analysis, demonstrating that FE was independently associated
with ICU mortality, prolonged MV and prolonged ICU LOS.
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Risk factors for FE

(Table 5) reports other clinical parameters at the time of
PE and reasons for reintubation for the FE cohort. Most were
extubated from the pressure support or tube compensation
mode, using low levels of FiO, and CPAP, instead of from a trial
of spontaneous ventilation using t-piece. Nearly half had received
fentanyl or propofol during the previous 12 hours; a much smaller
percentage had received benzodiazepine or dexmedetomidine. A
large majority were able to follow commands. (Table 6) details
outcomes of multivariable analysis for factors independently

, Marcus J S. Reintubation After Planned Extubation - A Prospective Cohort Study
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associated with FE. In a model not including admitting diagnostic
category these included: functional dependence, duration of MV
before PE and APACHE III score. Additional multivariable models
including diagnostic category demonstrate that nonoperative
respiratory diagnoses and operative surgical diagnoses were
independently associated with increased risk of FE and
cardiovascular surgery diagnoses and nonoperative septic shock

Table 1: Clinical characteristics.

were independently associated with decreased risk of FE. (Figure
1) illustrates the rate of FE as a function of days of MV prior to PE,
APACHE III and functional dependence. The OR (95% CI) of FE
comparing patients who were functionally dependent and had >4
days of MV before planned extubation compared to those without
these characteristics was 5.70 (3.54-9.18) (p<0.0001).

FEN =190 Successful PE N = 2,898 P value
Age 69 (56-82) 67 (52-78) 0.0153
Male 52.7 59.8 0.06
APACHE Il score 19 (17-26) 16 (12-21) <0.0001
APACHE 111 score 67 (55-84) 55 (41-73) <0.0001
APACHE 1V predicted mortality (%) 23.3(12.7-44.1) 14.2 (4.8-32.8) <0.0001
Dementia (%) 5.8 5.1 0.8
Functionally independent (%) 67.2 83.2 <0.0001
Admitting service (%)
Medical 72.1 54.2 <0.0001
Surgical 6.8 20.9 <0.0001
Trauma 5.8 6.7 0.74
Cardiovascular surgery 15.3 18.2 0.36
DM (%) 26.2 22.5 0.27
APACHE II comorbidities (%)
Cardiac 13.2 13.3 0.94
Pulmonary 8.9 8.8 0.93
End stage renal disease 2.1 3.6 0.38
Metastatic cancer 5.3 43 0.64
Portal hypertension 1.6 2.4 0.65
Table 2: Clinical characteristics of diagnostic groups.
Number FE (%) Functionally Dependent (%) APACHE III score Days Before PE
Medical
Respiratory 601 10.1 37.4 64 (50-79) 2.0 (1.0-5.2)
Cardiac 418 5.7 22.6 68 (52-88) 1.5 (0.8-3.2)
GI 91 7.7 19.1 70 (57-80) 2.3(0.8-5.0)
Septic shock 139 8.6 44.1 89 (75-106) 3.3(2.0-7.3)
Neurologic 189 10.1 26 55 (40-71) 1.2 (0.6-2.5)
Overdose/EtOH 224 5.8 1.8 41 (33-52) 1.5 (0.5-5.7)
Surgical
Vascular 50 4.4 12 62 (47-80) 0.8 (0.3-2.1)
Respiratory 57 7 12.7 50 (43-66) 0.7 (0.4-1.0)
GI 294 4.8 12.6 63 (51-77) 0.8 (0.5-1.9)
Neurologic 53 11.3 11.3 50 (41-59) 0.8 (0.5-2.4)
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Trauma
Head 110 6.4 1.8 37 (25-49) 0.9 (0.5-2.7)
Body 96 4.2 4.2 39 (27-53) 0.9 (0.4-2.7)
Cardiovascular 618 21 1.2 47 (38-55) 0.2 (0.1-0.3)
Table 3: Outcomes.
FE Successful PE
P value
Number 190 2,898
ICU LOS 13.9 (10.5-19.2) 3.0 (1.8-6.1) <0.0001
Readmitted (%) 14.7 7.8 0.0013
MV days before PE 2.8 (1.0-6.8) 0.9 (0.3-2.8)" <0.0001
Total MV days 10.4 (6.8-15.7) 0.9 (0.3-2.8)* <0.0001
Tracheostomy (%) 34.7 0 <0.0001
ICU mortality (%) 6.3 1.1 <0.0001
Hospital mortality (%) 16.8 6.3 <0.0001
'n=2,808
Table 4: Multivariable analysis: mortality, prolonged mechanical ventilation, prolonged ICU stay.
OR (95% CI) P value
ICU mortality!
APACHE III score (per point) 1.03 (1.02-1.05) <0.0001
Age (per year) 1.05 (1.02-1.07) 0.0009
Charlson score (per point) 1.16 (1.01-1.32) 0.0302
Failed extubation 4.04 (1.88-8.72) 0.0004
Hospital mortality?*
APACHE III score (per point) 1.03 (1.02-1.03) <0.0001
Age (per year) 1.05 (1.03-1.06) <0.0001
Charlson score (per point) 1.20 (1.12-1.29) <0.0001
Functional dependence 2.08 (1.48-2.92) <0.0001
ICU LOS (per day) 1.05 (1.02-1.08) 0.0001
Prolonged MV (>7 days)
APACHE III score (per point) 1.04 (1.03-1.04) <0.0001
Age (per year) 0.97 (0.97-0.98) <0.0001
Charlson score (per point) 0.90 (0.84-0.96) 0.0006
Functional dependence 1.39 (1.03-1.87) 0.0312
Failed extubation 34.9 (22.7-53.8) <0.0001
Prolonged ICU LOS (>7 days)?
APACHE III score (per point) 1.03 (1.03-1.04) <0.0001
Age (per year) 0.98 (0.97-0.98) <0.0001
Charlson score (per point) 0.90 (0.85-0.95) 0.0002
Failed extubation 24.6 (15.9-38.3) <0.0001

"Not included in final model: functional dependence, ICU LOS.

2Not included in final model: failed Extubation.

2Not included in final model: functional dependence.
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Table 5: Clinical characteristics relating to the FE event.

At the Time of Planned Extubation:
Fi0, (%) (Median, IQR) 35 (30-40)
Mechanical ventilation mode (% of patients)
Pressure support 77.9
Tube compensation 179
CPAP without pressure support 4.1
Followed commands 78
Medications received within 12 hours of PE (% of patients)

Propofol 44
Benzodiazapines 18
Fentanyl 56

Dexmedetomidine 2

Reasons for extubation failure (%)

Upper airway 28

Hypoxic respiratory failure-secretions 40
Hypoxic respiratory failure-congestive heart failure 10
Hypercarbic respiratory failure/fatigue 14
Impaired mental status 24

Mechanical impairment 6

Seizures 6

2 causes (%) 36

3 causes (%) 2

Unclear 10

Table 6: Multivariable analysis: failed Extubation.
OR (95% CI) P value
All patients?!

APACHE III score (per point) 1.01 (1.00-1.01) 0.0484
Days before PE (per day) 1.11 (1.07-1.15) <0.0001
Functional dependence 1.95 (1.36-2.78) 0.0003

Diagnostic groups
Respiratory-nonoperative 1.62 (1.14-2.31) 0.0074
Neurologic-operative 2.79 (1.16-6.72) 0.0225
Cardiovascular surgery 0.48 (0.26-0.87) 0.0155
Septic shock-nonoperative 0.47 (0.22-1.01) 0.0543
Neurologic-nonoperative 1.63 (0.95-2.81) 0.0768

Not included in final model: Age, Charlson score.

Discussion

This investigation of a large consecutive group of patients
admitted to a mixed medical surgical ICU of a university affiliated
teaching hospital demonstrates that failed extubation (FE) was
independently associated with prolonged ICU LOS, prolonged
duration of MV and ICU mortality. These patients often needed

tracheostomy. The most common cause of respiratory failure
requiring reintubation after planned extubation (PE) was retained
secretions leading to hypoxia, followed by hypercarbia and altered
mental status. The combination of >4 days of MV prior to PE and
lack of functional independence identified a subgroup that was at
very high risk of FE.
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Relationship to prior literature

Previously published investigations of FE differed in their
definitions (48 hours to 7 days after planned extubation); the
patient populations studied; the choice of analysis of risk factors
or clinical outcomes as the primary outcome of interest and the
choice of potential risk factors for FE that were evaluated [2]. In
addition, some studies were published more than 20 years ago,
limiting their external validity in view of the numerous changes
in clinical practice over this period. Most studies of FE include a
relatively small number of patients with the sentinel event; to our
knowledge the 190 patients with FE in the current investigation
represents the largest single center cohort of such patients in the
literature.

Risk factors for FE

A variety of clinical parameters have been evaluated in
different investigations as potential risk factors for FE. These
include severity of illness scores, such as APACHE II, age [3],
rapid shallow breathing index, positive fluid balance [4] and the
presence of chronic respiratory disease [5]. The duration of MV
prior to PE was associated with risk of FE in one study [6] but not
in all [5]. Other identified factors included the presence of severe
left ventricular dysfunction and ICU acquired delirium [6]. Among
a cohort of brain injured patients with a high rate of FE (22.7%),
predictors of successful planned extubation included age <40,
Glasgow Coma Scale score >10; the presence of visual pursuit and
the presence of swallowing attempts by the patient, highlighting
the broad diversity of predictive factor for FE that have been
evaluated in the literature [7].

Jaber et al. [8] investigated a more contemporary cohort
of 1,514 patients undergoing PE, among whom 157 (10.4%)
required reintubation within 48 hours [8]. Of these, 45% had
“airway” causes of FE, 50% “non-airway” causes and 5% a
combination. Multivariable analysis determined that some risk
factors were common to both mechanisms (coma as the reason
for initiation of mechanical ventilation, ineffective cough)
while others were associated with “airway” etiologies (copious
secretions and mechanical ventilation >8 days) and others with
“non-airway etiologies (respiratory failure and sequential organ
failure assessment (SOFA) score).

The current investigation is unique in its determination that
lack of functional independence, defined as the capacity to carry
outtheroutine activities of daily living, and identified prospectively
in the entire cohort, was independently associated with risk of FE.
Frailty is increasingly recognized as being an important influence
in the outcomes of patients with critical illness [9] and adds
predictive value to standard mortality prediction models [10].

Causes of extubation failure

Epstein and colleagues evaluated the causes of FE in 74
medical ICU patients with FE, dividing these broadly into “airway”

etiologies (upper airway obstruction (23.4%); retained secretions
(25.5%)) and “non-airway” etiologies (respiratory failure
(44.7%); CHF (36.2%); encephalopathy (14.9%)), with higher
mortality noted among patients who had non-airway etiologies of
extubation failure [11]. The reasons for reintubation after planned
extubation in the study by Frutos-Vivar et al included increased
work of breathing (45%); hypoxia (22%; not further specified);
respiratory acidosis (11%]); retained secretions (10%); decreased
mental status (6%); hypotension (6%) (4).

Notably, these etiologies for extubation failure are similar
to those observed in the current investigation, in which hypoxic
respiratory failure from secretions (40.0%), upper airway
dysfunction (28.0%), impaired mental status (24.0%), hypercarbic
respiratory acidosis/fatigue (14.0%) and hypoxic respiratory
failure due to congestive heart failure (10.0%) were the most
common. Differences in patient population and the challenge of
ascribing a unique cause of cause of the FE event likely explain
these findings.

Outcomes of FE

Epstein reported that patients with FE had increased ICU
LOS as well as higher hospital mortality compared to those with
successful PE [3]. Most studies have confirmed that ICU LOS and
duration of MV were longer in patients with FE than in those with
successful planned extubation and that ICU or hospital mortality
was higher [4-7,11]. However, multivariable analysis was not
performed in these to demonstrate an independent association of
FE with these outcomes. The current investigation demonstrated,
using multivariable analysis, that FE was independently associated
with prolonged MV, ICU LOS and ICU mortality.

Strengths and limitations

The large size of the cohort and its heterogeneous population
of medical and surgical patients increases the external validity of
the investigation. This study included a rich description of clinical
characteristics and outcomes of the patients, many of which were
collected in a uniform manner prospectively by a single author,
increasing the reliability and completeness of the data. Several
limitations must be mentioned. First, the study does not include
all of the potential risk factors for FE evaluated in the other
investigations referenced here. Second, the factors that were
analyzed at the time of planned extubation were reviewed in the
cohortwith FE, but not in a matching cohort of patients without FE.
Third, this is an observational investigation, thus all associations
are not necessarily reflecting a causal relation. FE, though, cannot
be the subject of arandomized clinical trial. Therefore, conclusions
must be considered hypothesis-generating, rather than as proof of
causality.

Clinical implications

Since FE is associated with adverse outcomes, attempts to
prospectively identify patients at risk for this occurrence are
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potentially beneficial and apply to a broad population of patients
admitted to the ICU. These factors-functional dependences,
duration of MV prior to planned extubation, severity of illness
upon presentation to the ICU and admission with operative or
nonoperative neurologic diagnoses or nonoperative respiratory
diagnoses. Notably, the combination of lack of functional
independence prior to hospitalization and duration of MV >4
days identified a cohort that had a nearly 6-fold increase in the
odds of FE. Identification of a patient at high risk of FE should
prompt treating clinicians to be especially prudent regarding the
decision to liberate the patient from MV. Future studies may focus
on strategies, such as routine administration of high flow nasal
oxygen [12] or noninvasive mechanical ventilation [13], diagnostic
modalities such as diaphragmatic ultrasound [14,15] or predictive
analytics [16] to prevent FE in these high-risk patients.

Conclusion

In this large single-center investigation of patients undergoing
invasive MV, FE, defined as reintubation within 48 hours of PE,
was independently associated with prolonged ICU length of stay,
prolonged duration of mechanical ventilation and ICU mortality.
FE patients frequently needed
dependence prior to admission was independently associated
with risk of failed extubation, a novel finding, as was duration
of mechanical ventilation prior to planned extubation, severity
of illness and admission to the ICU with neurologic diagnoses or

tracheostomy. Functional

nonoperative respiratory diagnoses. Prospective identification of
patients at increased risk for failed extubation has the potential
to inform clinical decision making and improve clinical outcomes.
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