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Background: Noninvasive positive pressure ventilation (NPPV) for acute respiratory failure in the
intensive care unit (ICU) is associated with a marked reduction in intubation rate, complications, hospital
length of stay and mortality. Multiple studies have indicated that patients failing NPPV have worse outcomes
compared with patients with successful NPPV treatment; however limited data is available on risks associated
with NPPV failure resulting in (delayed) intubation and outcomes compared with initial intubation. The
purpose of this study is to assess rates and predictors of NPPV failure and to compare hospital outcomes of
patients with NPPV failure with those patients primarily intubated without a prior NPPV trial.

Methods: A retrospective observational study using data from patients with acute respiratory failure
admitted to the ICU in the period 2013-2014. All patients treated with NPPV were evaluated. A sample of
patients who were primarily intubated was randomly selected to serve as controls for the group of patients
who failed NPPV.

Results: NPPV failure was recorded in 30.8% of noninvasively ventilated patients and was associated with
longer ICU stay [OR, 1.16, 95% confidence interval (95% CI): 1.04-1.30] and lower survival rates (OR, 0.10,
95% CI: 0.02-0.59) compared with NPPV success. Multivariate analysis showed presence of severe sepsis
at study entry, higher Simplified Acute Physiology II Score (SAPS-II) score, lower ratio of arterial oxygen
tension to fraction of inspired oxygen (PF-ratio) and lower plasma glucose were predictors for NPPV failure.
After controlling for potential confounders, patients with NPPV failure did not show any difference in
hospital outcomes compared with patients who were primarily intubated.

Conclusions: Patients with acute respiratory failure and NPPV failure have worse outcomes compared
with NPPV success patients, however not worse than initially intubated patients. An initial trial of NPPV
therefore may be suitable in selected cases of patients with acute respiratory failure, since NPPV could be
potentially beneficial and does not seem to result in worse outcome in case of NPPV failure compared to

primary intubation. A prospective trial is warranted to confirm findings.
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Introduction

Noninvasive positive pressure ventilation (NPPV) is an
increasingly accepted method to manage selected cases
of acute respiratory failure (1). Numerous studies and
meta-analyses have been performed in order to establish
the efficacy of NPPV in various subsets of patients (1-3).
For patients suffering from acute respiratory failure
due to exacerbations of chronic obstructive pulmonary
disease (COPD) or congestive heart failure, as well as in
immunosuppressed patients with pulmonary infiltrates,
the addition of NPPV to standard care is associated with a
marked reduction in intubation rate, complications, hospital
length of stay and even mortality (3-7).

Only a limited number of studies investigated NPPV
as an alternative to intubation in patients with acute
respiratory failure (3,8-12). NPPV use resulted in fewer
complications and lower readmission rates without changes
in mortality (3).

Not all patients seem to fully benefit from NPPV.
Compared with COPD exacerbations and congestive heart
failure NPPV efficacy data show less beneficial outcomes
for post-surgical patients and patients with asthma
exacerbations, pneumonia, acute lung injury (ALI) or acute
respiratory distress syndrome (ARDS) (13-17). Despite
weaker recommendations and increased NPPV failure rates,
still NPPV is regularly used for these indications (18).

NPPV failure, defined as the need for intubation after
a trial of NPPYV, is associated with various risk factors,
including age, severity of illness scores, the presence of
ARDS or community acquired pneumonia, acidosis (pH
<7.25), persistent tachypnea, persistent hypercapnia, and
poor neurologic scores (1,18-22). NPPV failure rates vary
markedly from 5% to 60%, according to the etiology of
respiratory failure and various other relevant factors (19).
In a multicenter database study of critically ill patients
a small increase in the success rate of NPPV was found
over the last two decades (18). Early predictors of NPPV
failure are relevant to select the appropriate patients in daily
practice.

If successful, NPPV allows for the circumvention of
many of the complications associated with mechanical
ventilation, especially the occurrence of nosocomial
infections (e.g., ventilator associated pneumonia), critical
illness-associated weakness, pneumothorax or delirium (3).

Although several studies have indicated that patients
failing NPPV have worse outcomes compared with patients
with successful NPPV treatment, these outcomes are not
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compared with patients that were intubated without a prior
trial of NPPV. Hence, very limited data is available on
risks associated with NPPV failure resulting in (delayed)
intubation. Few studies suggested that patients who fail
NPPV and subsequently require endotracheal intubation
experience significantly higher mortality and longer
hospitalization than patients primarily intubated (8,23,24).
More information to value the potential negative effects of
NPPV failure in comparison to primary intubation would
be of great value.

Therefore, the objective of this retrospective single-
center study is to compare and contrast potential differences
in clinical variables and outcomes in critically ill patients
with acute respiratory failure who were either treated
successfully or unsuccessfully with NPPV. We studied
risk factors on ICU admission that were associated with
NPPV failure on baseline, after 1 hour and as changes from
baseline after 1 hour. To put these findings into perspective,
clinical outcomes are compared to patients who were
initially intubated without a trial of NPPV in order to assess
the possible risks associated with NPPV failure and delayed
intubation.

Methods
Study design and participants

We conducted a retrospective observational study using
data from patients admitted to our 17-beds mixed medical-
surgical ICU, Gelderse Vallei Hospital, in Ede, The
Netherlands. All patients in the period of January 1%, 2013
to December 31", 2014 diagnosed with acute hypoxemic
or hypercapnic respiratory failure treated with NPPV were
evaluated. Diagnostic criteria for respiratory failure were:
hypoxemia [partial pressure of oxygen (Pa0,) <9.0 kPa], pH
<7.35 and/or partial pressure of carbon dioxide (PaCO,)
>6.0 kPa, with dyspnoea, signs of increased respiratory work
and a respiratory rate of >30 breaths/min. Patients were
excluded from this study if they were aged <18 years, when
they used NPPV chronically in the home care setting, in
case of degenerative neuromuscular disease or obstructive
sleep apnoea syndrome, if there was a no-intubation
decision, or when NPPV was used during the weaning
phase after detubation of invasive mechanical ventilation. If
follow-up data were incomplete due to transfer to another
hospital patients were excluded as well. In case of multiple
admissions during the study period, only the first eligible
admission was evaluated.
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Subsequently, a comparable group of patients with
acute respiratory failure who were primarily intubated
was collected in order to match with the group of patients
who failed NPPV. A sample of 40 patients was randomly
selected from a total of 803 patients who were admitted
to the intensive care during the study period for primary
mechanical ventilation and acute respiratory failure meeting
similar criteria for respiratory failure. Reasons not to apply
NPPV in our ICU are unconsciousness, hemodynamic
instability due to e.g., sepsis, pneumothorax, anatomical
and/or subjective difficulty in airway access, recent facial or
upper gastrointestinal surgery and gastrointestinal bleeding.
Every 20" patient was selected, or the next patient in case a
patient was found not eligible for inclusion. Only patients
diagnosed with acute respiratory failure were included.
Patients were not included when they needed post-operative
ventilation or ventilation after cardiac arrest, seizures or
intoxication. In case of incomplete data due to transfer to
another hospital, patients were excluded from analysis.

Data collection and baseline measurements

The following variables were obtained from the Patient Data
Management System (PDMS; iMDsoft MetaVision®, Tel
Aviv, Israel) for all patients: age, gender, body mass index
(BMI), Acute Physiology and Chronic Health Evaluation-
IT score (APACHE-II), Simplified Acute Physiology II
score (SAPS-II), Sequential Organ Failure Assessment score
(SOFA), the presence of severe sepsis on ICU admission,
Glasgow Coma Score (GCS), Barthel score, time from
hospital admission to ICU admission, time between ICU
admission and start of ventilation, and after 1 hour of
ventilation: urine production, vasopressor use (noradrenalin)
and intravenous sedative use (propofol, midazolam, fentanyl,
haloperidol or morphine). In addition, hemodynamic
variables, respiratory variables, ventilatory variables and
arterial blood gas values before start of ventilation and
after 1 hour of ventilation, were collected. In addition, the
primary diagnosis was recorded, categorized as cardiogenic
pulmonary oedema, exacerbation COPD, pneumonia or
ARDS. Cardiogenic pulmonary edema was defined as
dyspnoea of sudden onset, typical findings of fluid overload
on a chest X-ray, and widespread rales without a history
suggesting pulmonary aspiration or infection. Exacerbation
COPD was defined as an acute worsening of respiratory
symptoms in patients with COPD, associated with a variable
degree of physiological deterioration. Pneumonia was
diagnosed according to the Centers for Disease Control
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and Prevention definitions (25). ARDS was defined
according to the Berlin definition, including the level of
positive end expiratory pressure (PEEP) used in ventilation
ratio of arterial oxygen tension to fraction of inspired
oxygen (PF-ratio) and chest radiography changes (26).
Furthermore, comorbidities were documented, including:
arterial hypertension (defined as the use of antihypertensive
drugs or diuretics for hypertension), COPD according
to the GOLD classification (27) or recorded by a
pulmonologist, congestive heart failure according to
the New York Heart Association classification (28),
renal failure [defined as creatinine level >1.77 mmoL/mL
(2 mg/dL)] (29) and immunodepression (defined as
neutropenia <1,000/mm’ after bone marrow transplantation
or anticancer chemotherapy, immunosuppressive therapy
for solid organ transplantation, or connective tissue disorder
requiring corticosteroid therapy of at least 20 mg/day for at
least 3 weeks). In addition, the Charlson comorbidity index
was determined for each patient (30).

Outcome parameters

The primary aim of the study was to identify clinical
variables associated with NPPV failure. Secondary outcome
parameters, including in-hospital mortality, length of
(noninvasive) mechanical ventilation, length of ICU
stay, length of hospital stay, incidence of ICU acquired
pneumonia (defined as pneumonia diagnosed 3 days after
ICU admission in order to exclude community acquired
pneumonia) and incidence of organ failure after 48 hours
(reflected by the SOFA score at 48 hours), were compared
within three subgroups of patients: NPPV success, NPPV
failure and primary intubation.

We defined NPPV success as no need for intubation
within 48 hours. Clinical improvement with decrease in
respiratory rate and heart rate, increase in pH and PaO, and
ability to wean the patient from NPPV were observed or
anticipated. Need for intubation, according to our internal
guidelines and/or clinical judgement, was diagnosed to the
discretion of the attending physician.

Statistical analysis

Categorical variables were expressed as numbers and
percentages. Baseline characteristics for frequencies were
tested using chi-square tests. Continuous variables were
presented as median and interquartile range (IQR, 25-75).
In case data were not normally distributed according to
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1,188 ventilated patients
on the ICU

385 NPPV patients
(32.4%)

Exclusion criteria:
- Do-not-intubate order: 77 patients
- Chronic “home” NPPV use: 98 patients
- NPPV use post-detubation: 63 patients
- Transfer to other hospital: 14 patients

133 NPPV patients

Success: Failure:
92 patients (69.2%)

41 patients (30.8%)

!—k—\

!—‘—\

803 primary intubation
patients (67.6%)

Exclusion criteria:
- Postoperative ventilation
Random selection of 0s ?pé ative ve a' ©
h _— — - Ventilation after cardiac
every 20" patient i . L
arrest, insult or intoxication
- Transfer to other hospital

40 primary intubation
patients

!—‘—\

Survival:
27 patients (65.9%)

Survival:
89 patients (96.7%)

In-hospital death:
3 patients (3.3%)

In-hospital death:
14 patients (34.1%)

Survival:
27 patients (67.5%)

In-hospital death:
13 patients (32.5%)

*Every 20" patient was selected, or the next patient in case a patient was found not eligible for inclusion

Figure 1 Patients flow through the study.

the Shapiro-Wilks test, comparisons between independent
groups’ data were analysed using the Mann-Whitney U-test.
Delta values were computed for respiratory, laboratory
and arterial values as variables after 1 hour minus baseline
variables for the same patient and were expressed as means
and standard deviations (SD). These values were tested with
independent z-tests.

To evaluate the risk factors associated with NPPV
failure, a multivariate logistic regression model was created.
Variables that were associated with NPPV failure in
univariate analysis (factors yielding P values <0.10) were
entered. A forward selection process identified the final
model containing no more than four predictor variables.

Secondary outcome parameters were adjusted according
to baseline differences by using logistic regression analyses,
employing NPPV failure as the reference category. Adjusted
odds ratios (OR) and 95% CI were computed.

All tests of significance were two-sided and statistical
significance was considered at P<0.05. Statistical analyses
were performed using IBM SPSS Statistical Software,
version 22.0.

Societal and etbical justification

The study was approved by the Institutional Review Board
of Gelderse Vallei Hospital. The need for informed consent
was waived because of the retrospective nature of the study
using coded data obtained from routine care.
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Results

During the study period, a total of 1,188 patients were
admitted to the ICU for ventilation. Overall, 385 patients
were treated with NPPV (32.4%). Of these, 133 NPPV
patients were eligible for analysis and were included. A
total of 803 patients were admitted to the ICU for invasive
mechanical ventilation, without undergoing a trial of NPPV.
A sample of 40 patients was randomly selected. Figure I
shows the flowchart depicting the selection process and
patients flow through the study and those patients excluded
from analysis.

Baseline characteristics

Patient baseline characteristics are displayed in Table I,
stratified by NPPV success, NPPV failure and primary
intubation. Compared to patients who were successfully
treated with NPPV, those who failed NPPV and those who
were primarily intubated had significantly higher severity
of illness scores (APACHE-II, SAPS-IT and SOFA-scores).
Patients primarily intubated showed higher SOFA-scores
compared to patients who failed NPPV (8 vs. 5, P=0.01).
The primary diagnoses of patients who were successfully
treated with NPPV and those who failed NPPV were not
statistically different (P=0.45). Patients who were primarily
intubated showed a higher percentage of ARDS/ALI
compared to patients who failed NPPV (27.5% vs. 12.2%,
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P=0.001) and a lower percentage of cardiogenic pulmonary
edema compared to patients successfully treated with
NPPV (15.0% wvs. 32.6%, P=0.04). No differences in
comorbidities were detected among the three subsets of
patients. The group that was successfully treated with
NPPV showed a lower number of patients diagnosed with
severe sepsis compared to patients with NPPV failure and
patients primarily intubated (46.7% vs. 80.5% and 90.0%
respectively, P<0.001). Patients who failed NPPV had
significantly higher levels of plasma sodium and creatinine,
and lower levels of plasma glucose, compared to patients
with avoided intubation. Patients primarily intubated
showed higher levels of lactate and albumin compared to
the other groups. Patients treated successfully with NPPV
showed significantly higher means of (peripheral) oxygen
saturation, partial oxygen pressure and PF-ratio and lower
fraction of inspired oxygen (FiO,) at the start of NPPV
compared to patients who failed NPPV.

Table 2 shows the hemodynamic, respiratory and
ventilatory variables after 1 hour of ventilation. Patients
successfully treated with NPPV had significantly higher
means of oxygen saturation and partial oxygen pressure after
1 hour of ventilation compared to both other groups. They
also showed significantly lower rates of FiO, and PF-ratio.
The use of noradrenalin and sedative medications was
significantly lower for patients treated successfully with
NPPV compared to those who failed NPPV, P=0.05 and
P=0.04, respectively. Patients primarily intubated showed
the highest rates of noradrenalin and sedative medication
use. Compared to patients who were primarily intubated,
patients who failed NPPV had significantly lower
ventilatory pressures.

The delta values (Table 3) showed that patients treated
successfully with NPPV had a significantly larger decline
in partial carbon dioxide pressure. Contrarily, an increase
of partial oxygen dioxide pressure was seen in patients who
failed NPPV (P=0.04). In patients treated either successfully
or unsuccessfully with NPPV an increase of PaO, and
oxygen saturation (SaQ,) was shown, whereas only an
increase in Sa0, was found in patients who were primarily
intubated.

Predictors of NPPV failure

The baseline variables that were entered into the
multivariate analysis included APACHE-II, SAPS-II and
SOFA scores, the presence of sepsis at study entry, serum
sodium, glucose, peripheral oxygen saturation (Sp0O,), PaO,,
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FiO,, Sa0, and PF-ratio. Multivariate logistic regression
analysis identified four variables. Presence of sepsis at study
entry was independently associated with NPPV failure, with
an OR of 3.85 (95% CI: 1.38-10.76, P=0.01). Also SAPS-II
(OR, 1.07,95% CI: 1.02-1.12) and PF-ratio (OR, 0.995, 95%
CI: 0.99-1.00) were identified as predictors of NPPV failure.
Glucose was not significantly associated with NPPV failure,
though showed a trend towards an association (OR, 0.83,
95% CI: 0.69-1.00, P=0.05).

Logistic analysis performed on variables recorded after
1 hour of ventilation showed that temperature (OR, 0.56,
95% CI: 0.34-0.91, P=0.02) and PF-ratio (OR, 0.99, 95%
CI: 0.99-0.99, P=0.04) were independently associated with
NPPV failure. Sedative medication only showed a trend
towards an association with NPPV failure (OR, 10.16, 95%
CI: 0.99-103.99, P=0.05).

As for the delta variables, only the delta value of PaCO,
was significantly different for patients with NPPV failure
compared to NPPV success and was entered in a logistic
regression model. This resulted in an OR of 1.32 (95%
CI: 0.95-1.83), which did not show statistical significance
(P=0.10).

Secondary outcome parameters

The (unadjusted) secondary outcomes are displayed in
Table 4. The percentage of patients successfully treated
with NPPV was 69.2%, with a survival rate of 96.7%, as
depicted in Figure 1. Patients who failed NPPV showed
a significantly lower survival rate of 65.9% (P<0.001).
Patients intubated without a trial of NPPV showed a
survival rate of 67.5%, not significantly different compared
with the survival rate of patients who failed NPPV (P=0.88).
Patients with NPPV success had significantly better
outcomes compared with patients who failed NPPV and
who were primarily intubated concerning ICU length
of stay (P<0.001, P<0.001), incidence of ICU acquired
pneumonia (P=0.005, P=0.040) and organ failure (P<0.001,
P<0.001), respectively. Patients with NPPV failure showed
shorter duration of noninvasive ventilation (median =7 days,
IQR, 4-12) compared to patients with NPPV success
(median =14, IQR, 6.3-135.0, P<0.001). Mortality rates
were not significantly different among patients with NPPV
failure ventilated noninvasively <7 hours (36.4%) versus
>7 hours (46.2%, P=0.75). Hospital length of stay was not
significantly different between NPPV success and failure
(P=0.24), however a significant shorter hospital length of
stay was found among NPPV success patients compared
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Table 3 Changes from baseline to 1 hour after start of NPPV*

. Primary P values P values P values
Variables Success Failure intubation (success vs. (successvs. (failure vs.
(n=92) (n=41) (n=40) failure)  intubation) intubation)

Hemodynamic variables

Heart rate, beats/min, mean (SD) -3.6 (13.7) -1.5(6.9) -1.6 (18.7) 0.26° 0.50° 0.99°

Mean arterial pressure, mmHg, mean (SD) -2.6 (36.9) -1.6 (15.2) 2.0 (24.0) 0.87° 0.47° 0.44°

Temperature, degrees Celsius, mean (SD) 0.1 (1.6) -2.3(8.1) -0.8 (4.9) 0.17° 0.21° 0.38°
Ventilatory variables

Respiratory frequency, breaths/min, mean (SD) -2.2 (10.2) -4.2 (8.5) -8.2(10.8) 0.27° 0.003° 0.08°

FiO,, %, mean (SD) 17.3 (46.8) 18.6 (46.6) 6.4 (39.9) 0.89° 0.22° 0.23°
Arterial blood gas values

pH (7.35-7.45), mean (SD) 0.11 (0.80) 0.01 (0.08) 0.02 (0.14) 0.49° 0.14° 0.60°

Pa0,, (9.5-13.0) kPa, mean (SD) 3.8 (16.9) 9(6.2) -2.3(10.4) 0.68° 0.04° 0.01°

PaCO,, (4.5-6.0) kPa, mean (SD) -0.2(1.1) 5 (2.6) -0.1(2.6) 0.04° 0.77° 0.35°

HCO;", (22.0-26.0) kPa, mean (SD) 0.7 (2.3) 1(4.4) 0.4 (2.0) 0.36° 0.47° 0.76°

BE, (-2.0 to 2.0) mmoL/L, mean (SD) 0.8 (2.8) 3(16.2) 0.7 (6.5) 0.33° 0.85° 0.32°

Sa0,, (92.0-99.0%), mean (SD) 3.8 (6.0) 9 (6.0) -0.9 (8.4) 0.35° >0.001 0.01°

PF-ratio, mmHg, mean (SD) -4.3(271.0) -36.1(108.9) -76.1(176.1) 0.48° 0.13° 0.23°

*, calculated as variables after 1 hour minus baseline variables for the same patient depicted as mean group change from baseline.
?, Mann-Whitney U test; ® Pearson’s chi-square test; °, independent t-test. FiO,, fraction of inspired oxygen; PaO,, partial pressure of
oxygen; PaCO,, partial pressure of carbon dioxide; HCO;", bicarbonate; BE, base excess; Sa0,, saturation of arterial oxygen; PF-ratio,
ratio of arterial oxygen tension to fraction of inspired oxygen.

Table 4 Clinical outcomes

P values P values P values

Success Failure Primary intubation .
Outcomes (success (success vs. (failure vs.
(n=92) (n=41) (n=40) ) ) ) ) )
vs. failure) intubation) intubation)
Length of NPPV, hours, median (IQR) 14 (6.3-135.0) 7 (4.0-12.0) NA <0.001° NA NA
Length of invasive ventilation, hours, median (IQR) NA 112 (65.3-194.3) 143.5 (82.0-242.3) NA NA 0.200°
Length of ICU stay, days, median (IQR) 4 (2.5-6.0) 8 (6.0-16.0) 0(6.8-16.3)  <0.001*  <0.001*  0.510°
Length of hospital stay, days, median (IQR) 13(10.0-21.5) 17 (12-28) 9(13.8-28.0)  0.240°  0.020°  0.370°
ICU acquired pneumonia, No. (%) 3(3.3) 7(17.1) 5(12.5) 0.005° 0.040° 0.560°
Organ failure (SOFA after 48 hours), median (IQR) 3 (2.0-5.0) 5(3.0-7.0) 6 (4.0-9.0) <0.001* <0.001* 0.270°
Survival, No. (%) 89 (96.7) 27 (65.9) 27 (67.5) <0.001°  <0.001° 0.880°
2 Mann-Whitney U test;®, Pearson’s chi-square test; NA, not applicable.
with the primary intubation group (P=0.02). Patients who Table 5 depicts the OR of the outcome parameters of
failed NPPV compared with patients primarily intubated NPPV failure compared with NPPV success, adjusted for
did not show any significant difference in the unadjusted baseline differences. The adjusted OR show that NPPV
outcome parameters length of ICU stay (P=0.51), length failure is independently associated with a lower survival
of hospital stay (0.37), rate of ICU acquired pneumonia rate (OR, 0.10, 95% CI: 0.02-0.59, P=0.01) and a longer
(P=0.56), organ failure (P=0.27) and survival (P=0.88). ICU length of stay (OR, 1.16, 95% CI: 1.04-1.30, P=0.01).
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Table 5 Adjusted clinical outcomes of NPPV failure compared
with NPPV success*

Outcomes Odds ratio (95% ClI) P values
Length of NPPV 0.91 (0.85-0.97) 0.004
Length of ICU stay 1.16 (1.04-1.30) 0.01
Length of hospital stay 1.01 (0.97-1.05) 0.69
ICU acquired pneumonia 6.40 (0.61-67.5) 0.12
Organ failure 1.13 (0.97-1.31) 0.21
Survival 0.10 (0.02-0.59) 0.01

*, adjusted for baseline differences: APACHE-II, SAPS-II, SOFA,
FiO,, SpO,, sepsis, pH, Sodium, Glucose, Sa0,, PF-ratio. NPPV,
noninvasive positive pressure ventilation.

Table 6 Adjusted clinical outcomes of NPPV failure compared
with primary intubation*

Outcomes Odds ratio (95% CI) P values
Length of invasive ventilation 1.00 (1.00-1.00) 0.40
Length of ICU stay 0.97 (0.91-1.03) 0.34
Length of hospital stay 0.97 (0.91-1.03) 0.26
ICU acquired pneumonia 3.06 (0.26-36.3) 0.28
Organ failure 1.17 (0.78-1.73) 0.44
Survival 0.28 (0.03-2.60) 0.22

*, adjusted for baseline differences: SOFA, GCS, FiO,, SpO,,
Albumin, Lactate, Glucose, pH, Sa0,, PaO,, PaCO,, base excess.

Additionally, NPPV failure is associated with shorter length
of noninvasive ventilation (OR, 0.91, 95% CI: 0.85-0.97,
P=0.004). Length of hospital stay, organ failure and the
incidence of ICU acquired pneumonia are not statistically
different.

For patients who failed NPPV in comparison to patients
who were primarily intubated, no differences in outcomes

were found (7able 6).

Discussion

This retrospective single-center study demonstrates
that NPPV success, compared with NPPV failure, is
independently associated with better survival and shorter
ICU stay among patients admitted to the ICU for acute
respiratory failure. These findings are consistent with
prior research (18,20,31). In addition, a meta-analysis of
78 randomized trials supported the hypothesis that NPPV

treatment improves survival in most acute settings when
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applied to treat or prevent acute respiratory failure (2).

Remarkably, our study found that patients with NPPV
failure had predominantly similar adjusted outcomes
compared to patients primarily intubated without a prior
trial of NPPV. These outcomes could suggest there are
no considerable risks involved due to delayed intubation
after a NPPV trial. Length of noninvasive ventilation
within 48 hours did not seem to affect mortality outcomes.
An inital trial of NPPV therefore could be considered in
patients with acute respiratory failure, since NPPV could be
potentially beneficial and does not seem to result in worse
outcome in case of failure of NPPV compared with primary
intubation.

Previous studies addressing risks associated with NPPV
failure show conflicting results. Our findings are in line
with the results of subanalyses of two other trials, in which
patients with NPPV failure did not show increased mortality
compared to patients that were primarily intubated (8,31).
On the other hand, Stefan and collaborators found that
mortality rates in patients with COPD exacerbation who
failed NPPV were substantially higher compared with
patients who were primarily intubated (16.1% vs. 22.5%) (12).
Similar results were observed by Chandra and coworkers
(P<0.01) (24). An observational cohort study that
evaluated the intubation-related complications in patients
failing NPPV found increased odds of a composite of
complications, which in turn was also associated with
increased odds of death compared with patients intubated
without a prior trial of NPPV (32). A large prospective trial
is required to study risks in specific subgroups of patients,
as it is likely that the effect with be different in patients with
COPD and ARDS.

Logistic regression models of our study identified the
presence of severe sepsis at study entry, a higher SAPS-II
score, a lower PF-ratio and a lower plasma glucose at baseline
as factors independently associated with NPPV failure
(Table 4). These factors could be of predictive value in the
selection process of patients eligible for NPPV. Particularly
the presence of severe sepsis could be seen as a contra-
indication for the start of NPPV, with an OR of NPPV
failure of 3.85 (range, 1.38-10.76). Other studies have
identified a large variety of predictors of NPPV failure.
Antonelli also found that presence of sepsis at study entry
was associated with increased NPPV failure rates (20). In
numerous studies a higher SAPS-II score was related to
NPPV failure, as well as APACHE-II and SOFA scores
(19-21,23,24). A low baseline PF-ratio was found to be a
risk factor of NPPV failure in several other studies (33,34).
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Interestingly, NPPV failure was associated with
significantly lower glucose levels in our study, which is in
contrast to the results of Chakrabarti et 4/. They found
that hyperglycemia upon presentation was associated with
a poor outcome in patients with acute respiratory failure
necessitating NPPV (35). A possible explanation of our
findings may be that lower glucose levels represent lack of
glycogen stores and more severe disease acuity with high
consumption of glucose (36).

Our study did not identify several factors reported by
other studies as independent predictors for NPPV failure,
such as age, the presence of ARDS or community acquired
pneumonia, low pH levels, increased respiratory rate,
hypercapnia and poor neurologic scores, probably due to
our local protocol excluding most of these patients from a
NPPV trial (1,18-22).

The PF-ratio and use of sedative medication are
predictors of NPPV failure after 1 hour of ventilation
identified in our logistic regression analyses (1zble 5). These
factors could be useful in the decision-making process
to continue NPPV to patients after 1 hour or not. The
inability to improve the PF-ratio after 1 hour was also
shown by Antonelli and collaborators to be an independent
predictor of NPPV failure in patients with ARDS (37). In
contrast to our findings, Muriel and coworkers did not find
any apparent effect on outcome of monotherapy sedative
medications. However, they did find that simultaneous use
of analgesics and sedatives was associated with failure of
NPPV (38).

Although temperature was also identified as a predictor,
this variable is not considered as clinically relevant.
Discrimination is limited as temperature differences
measured in patients with NPPV success compared to
NPPYV failure are too small to be helpful in decision-making
to interrupt NPPV.

The delta value of PaCO, was significantly different for
patients with NPPV failure compared to NPPV success
in univariate analysis. In logistic regression analysis no
significant predictive value was found (7able 6), although a
deterioration of PaCO, did show a trend towards association
with NPPV failure (P=0.10). Anton and collaborators
previously concluded that improvement of PaCO, after
1 hour of NPPV was highly predictive for NPPV success in
patients with COPD (39).

Our study has several strengths and limitations. First,
many trials have been conducted to study outcomes of
NPPV failure compared with NPPV success, as well as
outcomes of NPPV with standard medical care or invasive
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ventilation. However, only few studies focused on outcomes
in NPPV failure compared with immediate invasive
ventilation.

The main limitation of this study is the retrospective
nature of data collection. The groups of patients with
NPPV and primary intubation are not fully comparable
with respect to baseline variables. We addressed the
imbalances by adjusting for significant baseline differences
with respect to outcomes. Still, confounding by unknown
factors and selection bias cannot be completely ruled out.

The small study population precludes subgroup analyses
and extensive multivariate analysis due to the limited size of
events (n=41). Non-significant trends could potentially have
lead to significant results if larger number of patients were
included. On the other hand, since this study investigated
numerous variables with a 95% probability, factors could
be found statistically significant by chance as a result of
multiplicity.

Furthermore, we studied a heterogeneous population,
since all patients with acute respiratory failure due to various
causes were included. This may limit internal validity, however
may increase external validity of results. Moreover, our study
was conducted in a single experienced center with respect to
practice of NPPV and this may limit the generalizability of
findings. Since we investigated characteristics and outcomes of
early NPPV failure (<48 hours), we cannot draw conclusions
on possible “late” NPPV failure (>48 hours). Studies report
an incidence of NPPV failure after 48 hours of around
10-20%, associated with a poor in-hospital prognosis (40).
We did not address tolerance and patient comfort of the
interfaces or the experience and skills of the staff involved,
which are all key components to NPPV success (41). These
factors were beyond the scope of our study.

Conclusions

The presence of severe sepsis at study entry, higher SAPS-II
score, lower PF-ratio and lower plasma glucose at baseline
were independently associated with NPPV failure. These
factors could be helpful to select non-eligible patients for
NPPV.

Patients with acute respiratory failure and NPPV
failure have worse outcomes compared with NPPV success
patients, however not worse than initially intubated patients.
Therefore, an initial trial of NPPV may be considered
in selected cases of acute respiratory failure patients in
NPPV experienced medical centers, since NPPV could be
potentially beneficial and does not seem to result in worse

F Thorac Dis 2016;8(5):813-825
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outcomes in case of NPPV failure compared with primary

intubation. A prospective trial is warranted to confirm our
findings.
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