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Most patients who fail to tolerate unplanned extubation had been receiving full ventilatory support.
Rapid reinstitution of ventilatory support and control of the airway of these patients may prevent the
development or reduce the severity of complications. The act of re-intubation however is not without
complications. To examine the impact of non-invasive ventilation (NIV) on unplanned extubation on
hospital outcome, we performed an analysis of prospectively gathered data in a tertiary-care intensive care
unit (ICU). We followed 240 ventilated patients over a nine-month period. Thirty-nine (16%) episodes of
unplanned extubation were recorded. Nine (4%) episodes were excluded (four were hemodynamically
unstable, three had unplanned extubation during a weaning trial, and two received oxygen therapy alone).
Thirty (12.5%) occurred during full ventilatory support and were included (15 received NIV, 15 received
IMV). Both groups were matched for age, sex, and presence of co-morbid conditions, indications for
mechanical ventilation and Acute Physiologic and Chronic Health Evaluation II score. In-hospital mortality
was similar in both groups (NIV 27%, versus IMV 40%, p=O.698). Patients who received NIV had a
significantly shorted duration of ventilatory support (five versus 11d, p<O.05) and shorter stay in the ICU
(12 versus 17d, p<O.05). There was no difference in overall hospital stay. Complications such as
pneumonia were less common among the NIV group (3 versus 9) but this did not reach statistical
significance (p=O.064). This study indicated that unplanned extubation during full ventilatory support can
be successfully managed with noninvasive ventilation, providing measurable benefits on reduction of the
duration of total ventilatory days and ICU stay. Phil Journal of Chest Diseases. Vol 14 NO.2 pp: 44-52
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Introduction

Unplanned extubation is a major complication of
trans laryngeal intubation, occurring in 3-16% of
mechanically ventilated patients. I Successfully managed
unplanned extubation has the potential of improving
outcome by shortening the duration of intubation.'
thereby reducing the patient's exposure to the
complications of mechanical ventilation. Rapid
reinstitution of ventilatory support and control of the
airway of these patients may prevent the 'development or
reduce the severity of complications. Reintubation,
however, carries an increased risk for morbidity and
mortality. The role of Noninvasive Positive Pressure
Ventilation (NPPV) in the management of acute
respiratory failure secondary to congestive heart failure
and exacerbations of chronic obstructive pulmonary
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disease has been well established. The clinical efficacy
of Noninvasive Positive in the management of
respiratory failure, especially acute-on-chronic''"
respiratory failure, has been demonstrated to be of
value. It also have value in the management of
persistent weaning failures and likewise for patients
with pneumonia." Studies?,8 have suggested that the
benefit of NPPV may be extended to the prevention
and managing respiratory failure after extubation.
NPPV has been shown to decrease the need for
reintubation and the duration of mechanical
ventilation? However, the efficacy of NPPV has not
been assessed by randomized controlled trials in
preventing the development of respiratory failure after
a patient tolerates a spontaneous breathing trial, nor in
preventing reintubation after post-extubation
respiratory failure9. NPPV as a supportive measure
after unplanned extubation is viewed to be of benefit
in reducing complications arising from such an event
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and in improving outcomes in selected patients. No
prospective data are available to assess the efficacy of
noninvasive ventilation in preventing reintubation
after an episode of unplanned extubation.

We therefore undertook this study to determine
the outcome of Non Invasive Ventilation in patients
who had an unplanned extubation.

Methodology

Setting: Intensive Care Units of the Philippine
Heart Center, namely the Medical, Surgical, Coronary
and Neurology ICUs with a combined 60-bed
capacity.

Definition of Terms: Non Invasive Ventilation or
Noninvasive Positive Pressure Ventilation (NIV or
NPPV). Administration of positive pressure ventilation
through face mask or nasal mask. Planned Extubation.
Extubation occurring after the patient has tolerated a
Spontaneous Breathing Trial (SBT) for 30 minutes to
two (2) hours Unplanned Extubation (UEX).
Extubation unwanted by the medical staff, which may
either be: a) deliberate removal of the endotracheal tube
by the patient; or b) accidental removal of the
endotracheal tube

Criteria for weaning from mechanical ventilation.
Arterial Oxygen Tension> 60 mm Hg with Fi02 < 0.4;
alert mental status; stable hemodynamic status (BP >

Stable; full
Ventilatory
Support?

EXCLUDED
UEX during weaning trial

Not on full ventilatory support
Unstable (ETI)
Uncooperative

NO

YES

Figure 1 Schema of study methodology

90/60 mm Hg); Maximal Inspiratory Force> 15 em
H20; Compliance (Static and Dynamic) > 30 em H20;
Rapid Shallow Breathing Index < 10

Selection Criteria for NIV (2/3 criteria). Moderate
to severe dyspnea with use of accessory muscles and
paradoxical abdominal motion; moderate to severe
acidosis (pH 7.30-7.35) and hypercapnea (peo2 = 45 -
60 mm Hg); respiratory rate> 25 per minute

Exclusion criteria for NIV (any may be present).
Respiratory arrest; cardiovascular instability;
somnolence, impaired mental status, uncooperative
patient; high aspiration risk; viscous or copious
secretions; recent facial or gastroesophageal surgery;
craniofacial trauma, fixed nasopharyngeal abnormalities;
extreme obesity

Criteria for reintubation (after failure of NIV).
Increase in PaC02 > 10 mm Hg; decrease in pH > 0.10;
Pa02 < 60 mm Hg; Sa02 < 90% on Fi02 > 0.50 to 1.0;
inability to protect the airway because of upper airway
obstruction or excessive pulmonary secretions.

Study Design: Prospective, cohort

Patient Selection. Inclusion: All patients 19 years
old and above, who are intubated and on full
ventilator support and admitted at the Medical,
Surgical, Coronary and Neurology ICU units of the
who had an unplanned extubation.

Group I: Patients receiving Non Invasive
Ventilation after an episode of unplanned extubation
(UEX-NIV)

Group II: Patients receiving Invasive mechanical
ventilation after an episode of unplanned extubation,
(UEX-RI)

Exclusion: Patients who had an unplanned
extubation that occurred at the time of weaning were
excluded. Those who were hemodynamically
unstable, suffered from cardiac arrest or cardiac
arrhythmia at the time of unplanned extubation who
require immediate endotracheal intubation (labeled as
ETI) were likewise excluded. Patients who would not
give an informed consent and who are uncooperative
were also excluded. Extubation for the purpose of
replacing a defective endotracheal tube were not
included.

All patients included were followed prospectively
until discharged from the ICU and from the hospital,
or until death. Primary endpoints: need for mechanical
ventilation. Secondary endpoints: survival, frequency
of complications, duration of ventilatory support
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Table I. Demographic and Clinical
Characteristics of the Patients at entry
into the Study

Characteristics
UEX-NIV UEX-RI P value

(n=15) (n=15)
Age, years 62 ± 11 60± 10 0.647
Sex Ratio, M/F 11/4 6/9 0.698
APACHE II Score 14.6 ± 4.48 14.6 ± 2.99 1.000
Co-morbid conditions, n

Hypertension 11 11 1.000
Coronary Artery Disease 12 15 0.224
COPD 5 3 0.681
Diabetes mellitus 6 5 1.000
CVD history 2 0 0.482
PVOD 1 0 1.000
RHO, MS 0 3 0.223
Community Acquired Pneumonia 3 3 1.000
Acute Coronary Syndrome 8 7 1.000
Chronic renal Failure 2 3 1.000

Causes of Intubation, n
Pulmonary edema 12 15 0.224
Pneumonia 1 0 1.000
COPD exacerbation 2 0 0.482

Previous episode of MV, n 3 1 0.597
UEX-NIV: Unplanned Extubations followed by NIV
UEX-RI: Unplanned Extubations followed by reintubation

Table II. Physiologic parameters of patients at
entry into the study

Parameters UEX-NIV UEX-RI P value

RR, bpm 28 ± 9 27 ± 7 0.806

Heart rate, min. 114 ± 16 105 ± 21 0.199

Mean BP, mm Hg 80 ± 22 71 ± 10 0.171

Hematocrit, UL 37 ± 7.30 36.8±7.10 0.860

White Blood Cells, x 109/L 16.8 ± 3.92 14±4.17 0.059

Arterial pH, mm Hg 7.41 ± 1.06 7.41 ± 0.46 0.947

PaC02, mm Hg 39.2 ± 12.83 36.1 ±6.41 0.404

Pa02, mm Hg 138.6 ± 67.5 126 ± 42.5 0.556

Pa02/Fi02 255.8 ± 139.03 246.1 ± 113.3 0.835

Temperatore.vc 36.5 ± 0.52 36.7 ± 0.54 0.270

Sodium, mmol/L 139±5.9 137.6 ± 8.5 0.606

Potassium, mmol/L 4.11 ± 0.45 4.25 ± 0.52 0.439

Creatinine, mgl dL 1.75±0.87 1.95±1.57 0.670

UEX-NIV: Unplanned Extubafions followed by NIV
UEX-RI: Unplanned Extubations followed by reintubation

(invasive MV, NIV), duration of ICU stay, and
duration of hospital stay.

Procedure. All 240 patients mechanically
ventilated and admitted to the ICU complex of the St.
Luke's Medical Center over a nine-month period were
prospectively followed. Patient to nursing staff ratio
was 1:2 to 1:3. Cloth tapes were used to secure all
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endotracheal tubes in place. Clinical, physiologic, and
laboratory data were collected from all patients six
hours after the onset of mechanical intubation. Acute
Physiologic and Chronic Health Evaluation
(APACHE) 11 scores were likewise determined during
the first six hours of intubation. Mechanical
Ventilators used were: Puritan Bennett 7200, NMS
Breeze, Newport Wave, Gallileo (Hamilton Medical),
Gallileo Gold (Hamilton Medical), and Raphael
(Hamilton Medical).

They received an initial MV setup of 1.0 Fi02,
tidal volumes were set at 6-8 mLl kg, frequency was
set four breaths below the inherent respiratory rate,
and a 5 ems H20 PEEP for atelectasis prevention.
Subsequent modifications in the MV setup depended
on adequacy of oxygenation and general clinical
condition. Patients were assessed on the first hour of
unplanned extubation as to eligibility for entry into the
study.

About 39 patients (16%) had unplanned
extubation. Among these, 30 (12.5%) occurred during
full ventilatory support (Fi02 2: 0.5, PEEP 2: 5 ems
H20) and were included. Selection and exclusion
criteria were predefined. Among the nine patients who
were excluded, four were hemodynamically unstable
and did not meet the selection criteria were
immediately re-intubated, three had unplanned
extubation episodes during a weaning trial, and two
patients were uncooperative and were given oxygen
therapy thru face mask alone.

Patients eligible for entry into the study were
randomized into two groups. Group I (UEX-NIV)
received Non Invasive Ventilation and group II (UEX-
RI) received invasive mechanical ventilation. A
critical care ventilator in BiPAP mode (Gallileo,
Hamilton Medical) was used for the institution of
Non-Invasive Ventilation delivered thru a face mask.
The proper mask size was chosen for each patient. A
nasal mask was optionally used if patients did not
tolerate the facemask. After the mask was secured,
initial levels were set.

The level of pressure support (PS) was set at 8 em
H20, and increased by 2 ems H20 at a time to reduce
PaC02, reduce dyspnea, and use of accessory muscles.
An initial PEEP of 5 em H20 was applied, and
increased by 2 em H20 at a time to increase Pa02. PS
and/or PEEP were adjusted if ventilator efficiency was
thought to be insufficient. The maximum PS (and
PEEP) was 20 em H20. Arterial blood gases were
measured after 30 min of initiation of ventilation. The
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Outcomes UEX-NIV UEX-RI P value

Mortality, n 4 6 0.698
Survivors, n 11 9
Timing of deaths 0 5 0.042*

During NIV ! RI period 4 1 0.0615After NIV ! RI period
MV days, d 3.57 ± 3.16 4.10 ± 3.76 0.677
Total days of ventilatory support, d 4.93 ± 3.38 11.44 ± 6.73 0.002*
ICU days, d 12.2 ± 5.77 17.13 ± 6.83 0.041 *
Hospital days, d 19.8 + 9.46 25.66 + 12.16 0.156
Tracheotomy, n 1 0 1.000
Causes of Death after entry into the
study

Multi-organ failure, n 2 5 0.389
Sepsis, n 2 5 0.389
Congestive Heart Failure, n 1 1 1.000
Arrhythmia, n 1 1 1.000

UEX-NIV: Unplanned Extubation followed by NIV
UEX-RI: Unplanned Extubation followed by reintubation
MV days: duration of mechanical ventilation prior to unplanned extubation; Total
days of ventilatory support: duration of invasive mechanical ventilation prior to
unplanned extubation plus duration of either Non Invasive Ventilation or
mechanical ventilation after reintubation.
* statistically significant

Table IV. Serious complications diagnosed in
the ICU after entry into the Study

Complications UEX-NIV UEX-RI pvalue

Nosocomial pneumonia! VAP, n 3 9 0.064

Decubitus ulcer, n 0 2 0.482

UTI,n 2 0 0.482

GI Bleeding, n 1 2 1.000

Septic Shock, n 1 2 1.000

Acute renal failure 4 2 0.651
UEX-NIV: Unplanned Extubation followed by NIV
UEX-RI: Unplanned Extubation followed by reintubation

Table V. Causes of unplanned extubation

Causes UEX-NIV, n UEX-RI, n TOTAL

Deliberate 15 15 30

Air leak in tube cuff 0 0 0

Inadequate fixation 4 7 11

During nursing procedure 0 0 0

During transport 0 0 0

Lack of sedation when needed 6 10 16

Fi02 was adjusted to maintain Sa02 ~ 90% as
measured by a bedside pulse oximeter.

NIV was continued for at least the first 24 hours
after the unplanned extubation, except when
indications for invasive ventilation were observed.
Criteria for reintubation during this period were
predefined. Group II (UEX-RI) receiving invasive

mechanical ventilation were reconnected to their
ventilators with ventilatory adjustments made to
maintain Sa02 >90%. Subsequent adjustments depended
on adequacy of oxygenation and clinical condition.

Statistical Analysis. Quantitative variables are
expressed as mean ± SD and were compared through the
Student's t test. Qualitative variables are expressed as
percentages and were compared through the chi square
method with a two-tailed Fisher's exact test. Ap < 0.05
was considered significant.

Results

Patient Demographics and Physiologic
Parameters. The demographic and clinical
characteristics of subjects are shown in Table 1. The
30 patients consisted of 17 men and 13 women with a
mean age of 61 ± 1 year. Fifteen were randomized
into the NIV group, while the same number was
randomized into the Re-intubated group. The patients
in both groups were well matched with regard to age
and sex and underlying co-morbid conditions. The
APACHE II scores 14.6 ± 4.48 and 14.6 ± 2.99 for the
NIV and Re-intubated groups respectively, which
showed no significant difference. Causes of intubation
were likewise well matched, as with previous episodes
of endotracheal intubation.

At the time of inclusion, physiologic parameters
and laboratory data were determined in both groups
(Table II). There was no significant difference in the
breathing pattern, blood pressure and arterial blood
gas values in both groups. Likewise, no significant
difference was seen in temperature, serum Sodium,
Potassium and Creatinine values in both groups.

Comparison of Outcomes. Outcomes in the 15
patients treated with NIV and 15 patients treated with
reintubation after an episode of unplanned extubation
are shown inTable III . In-hospital mortality was not
significantly different in the NIV group versus the
Reintubated group (4% versus 6%). When the timing
of deaths was considered, no patients in the NIV
group died during the NIV period. Five patients,
however died in the Reintubated group during the
time of invasive mechanical ventilation. Duration of
mechanical ventilation prior to the episode of
unplanned extubation was not significant in both
groups. Patients who were intubated after, however,
required a longer duration of mechanical ventilation
after reintubation (4.93 ± 3.38 versus 11.44 ± 6.73,
p = 0.002). There was no significant difference,
however, when total hospital stay was considered.
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Causes of death after entry into the study showed no
difference in the incidence of multi organ failure,
sepsis, congestive heart failure and fatal arrhythmias.
Among the NIV group, two required reintubation due
to progression of pulmonary edema (1) and
development of pneumonia (1).

Complications Diagnosed after Entry into the
Study. Complications diagnosed at the Intensive Care
Unit after entry into the study are shown in Table IV.
There was a trend towards a lower incidence of
complications in the UEX-NIV group. However, these
differences did not reach statistical significance.
Among patients who received Non-Invasive
Ventilation, three had pressure ulcers related to
wearing a ful l- face mask.

Causes of Unplanned Extubation. Causes of
episodes of unplanned extubation in both groups are
shown in Table V. Deliberate removal of the
endotracheal tube occurred in all patients. Inadequate
fixation and lack of sedation accounted for the rest of
the causes of unplanned extubation.

Analysis of Survival. Survival compared with
patients treated with NIV and Reintubation after
unplanned extubation showed no significant difference.
The causes of death within 60 days of randomization are
summarized in Table III.

Discussion

Providing mechanical ventilation in critically ill
patients remains an effective means of managing
various forms of respiratory failure. Withdrawal of
mechanical ventilation becomes a primary goal after
resolution or significant improvement of the
underlying indication for mechanical ventilatory
support. Majority of these patients require gradual
withdrawal of ventilatory support through weaning.
The process of discontinuation of a mechanical
ventilatory support may be a major challenge in a
number of patients, especially those with chronic
airflow obstruction and persistent weaning failure.
Managing unplanned extubation in patients receiving
full ventilatory support and whose underlying
indications for ventilatory support are not fully
resolved, thus becomes a concern. This study focuses
on the efficacy of noninvasive ventilation as a
supportive measure in providing ventilatory support in
these patients.

The role of noninvasive ventilation in the
management of various forms of respiratory failure
has been the subject of numerous studies. In recent
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years, noninvasive ventilation has been used
increasingly to avoid endotracheal intubation and its
attendant complications in patients with acute
respiratory failure. II The role of noninvasive
ventilation has been well established in the
management of acute exacerbations of chronic
obstructive pulmonary disease.i' I For the
management of cardiogenic pulmonary edema, the
evidence remains to be stronger for the use of CPAP
than for NPPV although the latter may theoretically be
more effective than the former because a greater
reduction in the work of breathing and a more rapid
alleviation of hypercapnea and dyspnea might be
superimposed on the benefits achieved with CPAP.7,12

The success of NPPV depends not only on the
proper institution of NPPV but on the selection of
appropriate clinical conditions or settings as well.
Several determinants of success for NPPV in the acute
setting especially among patients with chronic airflow
obstruction, has been identified: synchronous
breathing, intact dentition, low APACHE scores, less
air leaks and secretions," good initial response to
NPPV (correction of pH, reduction in respiratory rate
and PaC02)14 and no pncumonia.P:" Recent
studies'r" on the application ofNPPV in patients with
pneumonia however, show conflicting results. A
randomized trial I 8 of NPPV among patients with
pneumonia without COPD showed initial
improvements in oxygenation and respiratory rates
after initiation of NPPV. However, 66% eventually
required intubation. The benefit of NPPV in this case
has not been well established due to the lack of
controlled trials. These conditions should be
considered in trying to establish a successful
ventilatory management, while avoiding conditions
where NPPV is most likely to fail (exclusion criteria
forNIV).

Noninvasive ventilation has likewise been
employed as a means of managing post-extubation
respiratory failure. Extubation failure occurs in 5 -
20% of planned extubations 13 and 40 - 50% of
unplanned extubations." Mortality rates in extubation
failure were considerably higher than in those patients
who succeed after extubation (42% versus 12%
respectively).

It was estimated that reintubation after post-
extubation failure figured at 15 - 20% of patients
extubated after a successful spontaneous breathing
trial. Reintubation occurred within 48 - 72 hours after
extubation. Several studies have investigated the
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efficacy of noninvasive ventilation in avoiding
reintubation after extubation failure. However, no
randomized controlled trials have been published
assessing the efficacy of noninvasive ventilation in
preventing the development of post-extubation
respiratory failure in this scenario. Noteworthy is the
overwhelming evidence (Level I) that intubation and
reintubation should be avoided, if possible, as it
increases the risk for ventilator-associated pneumonia
(VAP).19 The use of noninvasive ventilation is
likewise recommended (Level I) whenever possible in
selected patients with respiratory failure.

With the expanding boundaries for the use of
noninvasive ventilation, management of unplanned
extubation remains a potential field of application for
noninvasive ventilation. Unplanned extubation
remains to be a major complication of trans-laryngeal
intubation, and poses significant life-threatening
complications and risks for pneumonia and additional
length of mechanical ventilation as described by some
authors. Several studies'< have reported unplanned
extubation to occur in 3-16% of mechanically
ventilated patients. This is comparable to the rate of
unplanned extubation at 16% observed in our study.

As a means of managing extubation failure, Jiang''
examined the effect of BiPAP on the outcome of
extubation by enrolling 93 extubated patients, 56 after
planned and 37 after unplanned extubation. In this
study, 28% of patients randomized to receiving NPPV
required reintubation compared to only 15% in control
subjects who received unassisted oxygen therapy. The
authors noted no correlation between extubation
outcome and post-extubation respiratory management,
whether BiPAP or unassisted oxygen therapy. It was
further concluded that early application of BiPAP did
not predict a favorable extubation outcome, and did
not support the "indiscriminate" use of NPPV in
avoiding post-extubation failure. The study however,
had problems with randomization in that more patients
who had an episode of unplanned extubation were
assigned to receiving NPPV, with most failures
coming from these patients. There are presently no
prospective data available to assess the efficacy of
noninvasive ventilation in preventing reintubation in
this clinical situation. Although there is a paucity of
adequate controlled trials to support the use of NPPV
in avoiding reintubation after extubation failure the
use of NPPV is deemed justifiable in carefully
selected patients.

In this study, we employed the use of noninvasive
ventilation (NPPV) as a means of managing
unplanned extubation whose causes of intubation were
varied, with most of the cases due to cardiogenic
pulmonary' edema (90%), and the rest being
exacerbations of chronic airflow obstruction (6%) and
pneumonia (4%). There was no significant difference
between the two groups (see table 1). Although the
evidence for the. use of CPAP is stronger than NPPV
in cardiogenic pulmonary edema, the act of unplanned
extubation extols on the patient much effort to breathe
harder and increase the work of breathing after the
event, and it is viewed that it is in this scenario that
NPPV can best work. Furthermore, our study
employed noninvasive ventilation among those
patients who are receiving full ventilatory "Supportat
the time of unplanned extubation - a clinical scenario
that points to the fact that these patients may yet
require some form of ventilatory support that an
NPPV may provide. Unplanned extubation that
occurred in patients undergoing weaning, or those that
do no longer receive full ventilatory support were not
included in this study as these patients may actually
tolerate unassisted oxygen therapy.

While the use of noninvasive mechanical
ventilation reduced the complications of prolonged
mechanical ventilation and mortality in some

. 46 •studies, - concerns has been raised on the safety on
NPPV, especially among patients with acute
myocardial ischemia or infarction. Mehta and

k 20cowor ers compared the outcome of CPAP to
NPPV in the treatment of patients with acute
pulmonary edema. This study showed that BiPAP
improved ventilation and vital signs more rapidly than
CPAP. Dyspnea scores, respiratory and cardiac
frequency, PaC02 and pH were significantly improved
in the BiPAP group. In patients who received CPAP ,
only respiratory rate improved from baseline. This
study showed a greater rate of myocardial infarction
in the NPPV group and the study was stopped after
enrolling 27 patients. This study however, was
critiqued to have unequal randomization with more
patients with chest pain randomized in the NPPV

L . 21group. evitt, on the other hand, showed no
dif~erence in the myocardial infarction rate among
patients managed with NPPV to high-flow oxygen by
mask through a randomized controlled trial. A
prospective randomized-controlled trial in 40 patients
by Masip and coworkers+ further compared
noninvasive ventilation with unassisted oxygen
therapy in addition to standard medical therapy. This
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study showed a reduction of the rate of intubation and
a more rapid resolution of the abnormal physiology
among the NIV group. It was further noted that about
33% of patients who received unassisted oxygen
therapy required intubation, in contrast to only 5% in
those receiving NIV. The time to reduce respiratory
rates and improvement of oxygen saturation was
likewise shorter in the NIV group. This study
however, found no difference in survival or hospital
length of stay. As there are no large studies comparing
CPAP and NIV, it is therefore recommended!' that
NPPV be considered if patients continue having
hypercapnea and unimproved dyspnea after CPAP
institution, pending further studies. Moreover,
suggested absolute contraindications to the application
of noninvasive ventilation like coma, confusion,
inability to protect airways and hemodynamic
instability (including acute myocardial infarction)
have been set, which the clinician must identify prior
to employing the use of noninvasive ventilation.
However, these contraindications have been
determined as these were exclusion criteria for various
controlled trials; hence the use of noninvasive
ventilation in these circumstances is not proven.

In this study, 27 patients (90%) had diagnosed
cases of coronary artery disease with 15 (50%) of
subjects admitted due to acute coronary syndromes
(see Table 1). We have observed no extension of
myocardial infarction, or the occurrence of new
myocardial events among those eight (27%) patients
randomized into the NIV group.

Complications most frequently encountered in the
institution of NPPV are related to the mask (namely
nasal bridge erythema or ulceration, or mucosal pain)
and ventilator airflow pressure (pneumothoraxj.Pr"
Others include gastric insufflation, eye irritation, nasal
congestion, mucosal dryness and claustrophobia.f
None of these were observed among the patients in
this study.

Likewise, we have demonstrated a reduction in the
total days of ventilatory support with the use of NPPV
after an event of unplanned extubation. Clinical
improvements were seen in these subjects as reflected
through a reduction in the days of stay at the intensive
care, where we have demonstrated a significant
reduction in this group. This can eventually be
correlated to a reduction in the risk of ventilator-
associated complications such as ventilator associated
pneumonia (VAP), and more meaningfully a reduction
in the cost of hospitalization in a practical sense. No
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data from large randomized studies is yet available
showing a reduction of these risks and complications.
We likewise observed no difference in the total
duration in hospital stay. This may be attributed to the
fact that some patients may have not been able be
discharged because of some other medical problems
yet to be controlled, or more importantly because of
financial constraints as expenses during the admission
to the intensive care and succeeding days of continued
medical care may have mounted.

In this study, we have not demonstrated a
reduction in the occurrence of ventilator-associated
pneumonia between the two groups; however, a trend
towards a lower occurrence of nosocomial pneumonia
was observed in the NIV group. A larger sample size
may better evaluate this area. The over-all in-hospital
mortality was not significantly different between the
two groups; however, it is noteworthy that no deaths
occurred during the institution of noninvasive
mechanical ventilation. The four (13%) mortalities
recorded in this group occurred after patients have
been weaned from NPPV (see Table III). In comparison,
out of the six (20%) mortalities recorded among the re-
intubated group, five (17%) required prolonged
intubation. These patients continued to deteriorate
clinically, and developed sepsis. These data shows that
much of the patients who had episodes of unplanned
extubation still require ventilatory support, especially
those whose reasons for intubation had not been fully
resolved, and are currently receiving full ventilatory
support.

Various studies have enumerated predictors of
unplanned extubation. One study" showed that 50-78%
of these airway accidents may either be completely or
partly preventable. It is in this sense that focus must be
given with respect to adequate nurse staffing and
supervision, an adequately secured endotracheal tube,
sedation when deemed necessary and appropriate early
weanmg.

We have noted a 1:3 nurse-to-patient ratio in the
intensive care unit where most of the episodes of
unplanned extubation occurred. A 1:1 or 1:2 ratio had
been recommended to be more acceptable. The finding
that all of the subjects had deliberately self-extubated
stresses the need for a more adequately staffed unit.
Most of the subjects (53%) were assessed to require
adequate sedation. A sedation protocol may have
significantly reduced this occurrence.

It is important to note that while management of
unplanned extubation may be managed effectively by
noninvasive ventilation, it is likewise imperative to
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stress that unplanned extubation are an unwelcome
occurrence in the intensive care unit. Vigilance in
detecting patients who are at risk of self-extubation is in
order in any clinical setting. Maintaining adequate
staffing in the intensive care unit has likewise been
shown to reduce patient's length of stay, improve
infection control practices, and reduce duration of
mechanical ventilation. 19 Reducing occurrence of
unplanned extubation that may be related to reduction of
the duration of intubation and mechanical ventilation can
be achieved and thus reduce complications such as
ventilator-associated pneumonia with the use of sedation
protocols. It is viewed that most unplanned extubation
would not have happened if patients had been sedated
while on mechanical ventilation.

Reduction in the duration of stay in the intensive
care unit and hospital stay may have important economic
implications and are important factors to consider when
faced with a critically ill patient in the intensive care
with respiratory distress after an unplanned extubation.
Immediate institution of ventilatory support is essential,
especially in patients who received full mechanical
ventilatory support and whose underlying abnormal
physiologies are yet to be corrected. Invasive mechanical
ventilation is an important tool as a life-saving
procedure, but reintubation with its attendant risks, is
inherent as with risks of prolonged mechanical
ventilation, ICU and hospital stay, and risks of hospital
acquired infections. Mortality increases with the duration
or time between extubation and reintubation." Hence,
the decision to re-intubate or apply other means of
ventilatory support should be in mind in the face of
unplanned extubation. Noninvasive ventilation provides
adequate ventilatory support in various cases of
respiratory failure. Studies on the use on noninvasive
ventilation to avoid mechanical ventilation have been
well-documented, with the greatest evidence among
patients with chronic airflow obstruction. Its role in the
management of post-extubation respiratory failure,
whether planned or unplanned is an expanding field for
its application. To date, there are no large trials
comparing invasive mechanical ventilation, noninvasive
mechanical ventilation and unassisted oxygen therapy in
the management of unplanned extubation.

Limitations

This study is limited by the relatively small sample
size and could lead to wide variations in values that may
not be reflective of the larger, general population of
critically ill patients receiving mechanical ventilation. A
larger sample size will enable us to do multiple
regression analysis. We were likewise not able to
demonstrate the improvement in oxygenation upon

institution of noninvasive ventilation in comparison to
values immediately after the event of unplanned
extubation. Further studies in this area may be assessed
in future undertakings.

Conclusion

This study indicated, despite its limitations, that
unplanned extubation during full ventilatory support can
be successfully managed with noninvasive ventilation,
providing measurable benefits on reduction of the
duration of total ventilatory days and ICU stay.
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