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Objective: To critically assess available high-level clinical
studies regarding use of noninvasive positive pressure ventilation
in varied intensive care unit settings.

Data Source: Search of pertinent articles within Ovid MEDLINE
from 1975 to 2005, CINAHL from 1982 to 2005, EMBASE from 1988
to 2005, and Web of Science from 1993 to 2005.

Study Selection: Randomized, controlled clinical trials and
cohort studies and observational studies the authors consider
important or novel.

Data Extraction/Synthesis: Performed equally by both authors
with the use of an Excel data spreadsheet.

Conclusion: There is abundant level | evidence supporting the
use of noninvasive positive pressure ventilation in such critical

care settings as acute hypercapnic respiratory failure, particularly
related to chronic obstructive pulmonary disease, and acute car-
diogenic pulmonary edema. We also report on other clinical
scenarios in which the data may be somewhat less compelling,
but evidence favors a noninvasive positive pressure ventilation
trial. Some well designed studies suggest that noninvasive pos-
itive pressure ventilation is not an appropriate intervention for
patients who have failed endotracheal extubation. (Crit Care Med
2005; 33:2651-2658)

Kev Worbs: noninvasive positive pressure ventilation; acute
respiratory failure; hypercapnic respiratory failure; positive air-
way pressure; mechanical ventilation

oninvasive positive pressure

ventilation (NPPV) therapy is

increasingly popular in var-

ied clinical situations in the
intensive care unit (ICU) setting as high-
level evidence supporting its use contin-
ues to accumulate. The attraction for
NPPV relates primarily to its advantages
over invasive mechanical ventilation. It
has been shown to comparatively de-
crease resource utilization and circum-
vents the myriad of complications associ-
ated with invasive mechanical ventilation
such as upper airway trauma, ventilator-
associated pneumonia, and compromise
of speech and swallowing. NPPV should,
however, be considered an alternative to
invasive mechanical ventilation rather
than its replacement. Keys to the success
of NPPV and to improving clinical out-
comes of patients with acute respiratory
failure are careful patient selection and a
well designed clinical protocol because
failure of NPPV only delays potentially
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more definitive therapy with invasive
ventilation.

NPPV can be delivered using various
types of ventilatory equipment and inter-
faces. Full-service ICU ventilators, porta-
ble bi-level pressure generators, and de-
vices specifically designed to be used for
NPPV are now available (1). The complete
details of the application of NPPV are
beyond the scope of this review, but vir-
tually any ventilator, mode, and interface
techniques may be used successfully, as
briefly alluded to in Figure 1. The deter-
minants of success are less dependent on
these technical factors and relate more
prominently to the primary diagnosis as
discussed below.

Acute Exacerbations of Chronic
Obstructive Pulmonary Disease

Patients with acute exacerbations of
chronic obstructive pulmonary disease
(COPD) are among the most frequently
encountered in the critical care setting
with acute respiratory failure. Physio-
logic studies consistently demonstrate
that NPPV improves variables such as
Pco,, Po,, and respiratory rate in these
patients (2-4), and there are data that
quantify the degree of respiratory muscle
unloading associated with NPPV (5).

The burden of disease associated with
acute exacerbations of COPD is reflected

in the large number of randomized, con-
trolled clinical trials (RCTs) studying
NPPV in these patients, either as the sole
disease state or as a subgroup. The earli-
est study came from Bott et al. (6) in
1993, which randomized 60 patients to
either volume-controlled NPPV by nasal
mask or conventional treatment. Signifi-
cant improvements were noted in the
treatment group compared with controls
in such variables as Pco,, pH, and dys-
pnea scores. Although 30-day mortality
was higher in the control group (30% vs.
10%), statistical significance was not
reached with an intention-to-treat analy-
sis, probably because of the relatively
small number of patients.

Subsequent RCTs have demonstrated
the indisputable efficacy of NPPV in acute
exacerbations of COPD utilizing other de-
livery methods such as pressure support
ventilation and bilevel assist ventilation
by nasal or oronasal masks. The use of
standardized protocols for NPPV treat-
ment initiation and specific indications
for endotracheal intubation for treatment
failure, by reducing reliance on clinical
judgment, have helped to limit the intro-
duction of bias. Two studies are worthy of
further mention. A 1995 multiple-center
ICU study by Brochard et al. (3) random-
ized 85 patients from a larger group of
275 with COPD to pressure support ven-
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RESPIRATORY THERAPY DRIVEN PROTOCOL
FOR CPAP AND NIV USE IN ACUTE RESPIRATORY FAILURE (ARF)

1. Patient Evaluation

e Review history, diagnosis, inclusion, exclusion criteria and discuss with MD
e Ascertain whether new NIV use or an accustomed patient

s Assess for component of chronic respiratory failure

II. Indications and Goals

o Choose as per patient diagnosis, level of distress, and whether ICU based
» Decide options in event of early benefit or poor initial response
* Reaffirm code status and patient preferences regarding alternative therapy

—
=
=}

. Location

» Determine observation and monitoring needs per patient condition and equipment
used (a step-down unit may be appropriate for single organ failure or patients clearly
recovering from multi-organ failure).

1V.  Equipment: Conditions, Initial Settings, and Targets
e Airflow generator

1. CPAP. Presumed obstructive sleep apnea or cardiogenic ARF for target of improved

SpO2 and PaCO2

Portable Bi-Level Device. Acute on chronic component for target of improved

PaCO2 and reduced dyspnea using visual analog scale. Use with portable battery

attachment for transporting patients.

3. ICU Bi-Level Device. Choose for patients in ICU, more severe distress in
emergency department, or poor synchrony and need for waveform monitoring

4. Full Service ICU ventilator. Severely distressed patients with poor synchrony in
consideration of pressure or volume control modes

I

o Settings

1. CPAP. set at 10-12.5 cmH2O and titrate as needed for OSA or dyspnea

2. Portable Bi-Level Device. Initial EPAP at minimum for neuromuscular disease
patients, 5 cmH2O for others. May increase EPAP for OSA component or for
hypoxemia. Attention to auto-PEEP, which may be counteracted by judicious use
of EPAP. Initial IPAP at 8-10cmH20 and target patient tolerance. Increase to
15-20cmH20 as tolerance allows for relief of dyspnea and respiratory rate.

3. ICU Bi-Level Device. Same EPAP and IPAP issues as for portable device but
may need more aggressive titration as situation demands. Alter flow rate,
sensitivity, and inspiratory time to optimize synchrony.

4. Full Service ICU Ventilator. Same issues as for ICU Bi-level device but may
consider use of volume control and other modes.

5. Oxygen. Guided by distress level and SpO2. In those at risk of worsening
hypercapnia on CPAP, maintain between 88%-90%

e Masks

1. Nasal. Utilize for less distressed patients and those with chronic component. Also
consider nasal pillows for more claustrophobic patients
2. Full Face Mask. Patients with severe distress or large oral air leaks

e Oximetry. All patients.

e Arterial Blood Gases. Baseline and discharge ABGs highly recommended. Useful for
ICU patients needing frequent monitoring of PaCO2

e Ventilator with waveform monitoring for poor synchrony problems

VI Dismissal (Education and Communication)

* Anticipate early for patients with chronic component
s Review for diagnostic and reimbursement requirements

VIL. NNV registry/oximetry (recommended but not obligatory)
¢ Documentation. Log progress and outcome for future patient use and protocol quality
assessment

*Reproduced from Gay, PC, Hubmayr, RD: “Mechanical ventilation part 11
noninvasive.” In Irwin and Rippe’s Intensive Care Medicine 5% ed. 2003. p. 647-60.

tilation by face mask vs. usual care. Al-
though there were only small reductions
in Pco, in the treatment group, between-
group differences in endotracheal intuba-
tion, complications, and mortality were
substantial, resulting in some criticism of
the adequacy of treatment in the control
group. Still, this study highlighted the
importance of careful patient selection
for NPPV.

Another important study, the largest
RCT (n = 236) of NPPV in acute exacer-
bations of COPD to date, originated from
14 hospitals in the UK (7). Control pa-
tients had significantly higher rates of
endotracheal intubation (27%) compared
with NPPV-treated patients (15%). All pa-
tients were cared for on general respira-
tory wards rather than in the ICU, which
may have factored into the higher mor-
tality rates noted in those with a baseline
pH < 7.30. These results may not be
generalizable, however, due to the unique
structure of respiratory care delivery by
trained nursing staff in the UK. Fol-
low-up analyses of data that showed im-
provements in pH and respiratory rate
over the initial 4 hrs of NPPV conferred
success of treatment (8) and confirmed
substantial cost savings as a result of
treatment outside of the ICU (9). The
initial response to NPPV has consistently
been shown to be a strong predictor of
success, as noted below.

One RCT found no significant differ-
ence in primary outcomes related to
NPPV when compared with controls (10).
Four of 24 randomized patients did not
tolerate nasal bi-level ventilation, and no
patient in either group deteriorated to
require endotracheal intubation. The lack
of intubations, plus the mild degree of
respiratory acidosis in these patients at
baseline (mean pH of 7.33), supports the
widely accepted notion that ideally suited
patients for treatment with NPPV are
those with more severe acute exacerba-
tions of COPD with hypercapnia. Indeed,
in a subgroup analysis of a systematic
review of RCTs by Keenan et al. (11),
there was little to support the benefit of
NPPV in milder exacerbations of COPD.
Further confirmation comes from a re-
cently updated Cochrane Database Sys-
tematic Review that included 14 RCTs
enrolling 758 patients with a baseline
Pco, of >45 mm Hg showing significant
improvements in intubation rate, compli-

Figure 1. Respiratory therapy—driven protocol for continuous positive airway pressure (CPAP) and cations, length of hospital stay, and mor-
noninvasive ventilation (NV/V) use in acute respiratory failure (ARF). ICU, intensive care unit; EPAP, tality z;ssociated with NPPV ’treatment
expiratory positive airway pressure; PEEP, positive end-expiratory pressure; IPAP, inspiratory positive
airway pressure; ABGs, arterial blood gases; OSA, obstructive sleep apnea; NNV, noninvasive nasal
ventilation.

(12). From these study results, treatment
of hypercapnic patients with acute exac-
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erbation of COPD can generally be ex-
pected to reduce intubation rates, mor-
tality, and ICU or hospital length of stay
(Table 1).

Acute Cardiogenic Pulmonary
Edema

Acute cardiogenic pulmonary edema
may be treated effectively with continu-
ous positive airway pressure (CPAP).
CPAP does not exert its primary effect on
ventilation per se, but its efficacy in
counteracting the pathophysiologic path-
ways in cardiogenic pulmonary edema
has long been recognized, described as
early as 1936 (13). Delivery of positive
end-expiratory pressure opens flooded or
collapsed alveoli, thereby increasing
functional residual capacity and improv-
ing gas exchange. There seem to be direct
mechanical effects on the heart and great
thoracic vessels attributed to CPAP, re-
sulting in reductions of cardiac afterload
and cardiac wall stress. Finally, CPAP re-
duces the work of breathing, in part by
overcoming upper airway resistance,
which may be increased by soft-tissue
edema seen in association with heart fail-
ure (14, 15). Indeed, a number of clinical
trials have demonstrated the efficacy of
CPAP in improving oxygenation and cir-
cumventing endotracheal intubation in
cardiogenic pulmonary edema when
compared with controls largely treated
with supplemental oxygen (16-18).

Given the improvements attributable
to CPAP in this population, it would
stand to reason that NPPV would also
have similar effects. In fact, two case se-
ries published simultaneously, consisting
of 55 patients collectively, suggested that
NPPV (pressure support ventilation) im-
proved gas exchange and rates of invasive
mechanical ventilation (19, 20). How-
ever, seven deaths from myocardial in-
farction raised concern about the use of
NPPV in patients with myocardial isch-
emia. Similar apprehension came from a
1997 study, the first published trial ran-
domizing CPAP against bi-level NPPV in
cardiogenic pulmonary edema encoun-
tered in the emergency department (ED)
setting (21). Enrollment was terminated
after 27 patients because of the high rate
of myocardial infarction in the NPPV
group (71% vs. 31% in the CPAP group),
although significantly more patients with
chest pain were allocated to NPPV, sug-
gesting a compromised randomization
schedule.

Crit Care Med 2005 Vol. 33, No. 11

The increased risk of myocardial in-
farction and death attributed to NPPV has
not been substantiated in more recent
RCTs. A 40-patient ICU-based study uti-
lizing tidal volume adjustment and pres-
sure support compared with oxygen plus
medical therapy showed a reduced rate of
endotracheal intubation (5% vs. 33%)
and reduced resolution time of respira-
tory failure (30 vs. 105 mins), as deter-
mined by objective measurements, attrib-
uted to NPPV (22). Mortality and hospital
length of stay were no different. A larger
(130 patients randomized) multiple-
center study from Italy, initiating treat-
ment in the ED, although demonstrating
improvements in Pao,/Fio, ratios and
dyspnea, showed a reduction in tracheal
intubation rates only in the subgroup of
patients with hypercapnia (23). Conceiv-
ably, the lack of benefit to other patients
could be due to the relative lack of ED
personnel experience with the use of
NPPV compared with their ICU col-
leagues and that ventilatory strategy in
this protocol was not tidal volume driven.
The question is important, however, be-
cause early institution of CPAP or NPPV,
which may optimally occur in the ED,
seems to promote avoidance of invasive
mechanical ventilation. An attempt to an-
swer this question came from a study
originating in two UK EDs that random-
ized 60 patients (from an eligible pool of
236) with respiratory acidosis and cardio-
genic pulmonary edema to fixed-pressure
CPAP (10 cm H,0), bilevel NPPV (inspi-
ration = 15, expiration = 5), or oxygen
therapy (24). The protocol was limited to
2 hrs of randomized treatment in the ED.
Predefined determinants of treatment
success at 2 hrs, including endotracheal
intubation rates, were no different be-
tween the three groups. For reasons that
are unclear, in-hospital mortality was sig-
nificantly higher in the bilevel and con-
trol groups compared with the CPAP
group. Although the authors attributed
survival benefit to CPAP therapy, the ev-
idence supporting that conclusion is
weak. Collectively considering the avail-
able data, the treatment of acute cardio-
genic pulmonary edema with respiratory
compromise should include early appli-
cation of CPAP. In the presence of hyper-
capnia, NPPV may be more appropriate.

Hypoxemic Respiratory Failure

Historically, despite occasional case
reports of success, hypoxemic respiratory
failure (excluding COPD) has been

thought to be poorly responsive to NPPV
therapy. Among the first RCTs to demon-
strate this came from a study by Wysocki
et al. (25) in which 41 non-COPD patients
were randomized to NPPV or oxygen. The
results showed that only those with a
Paco, of >45 mm Hg had positive out-
comes in terms of endotracheal intuba-
tion and ICU length of stay. Given the
heterogeneity in severity of illness com-
monly encountered in pure hypoxemic
respiratory failure, such as encountered
in acute respiratory distress syndrome,
these findings may not be entirely unex-
pected. It should be noted that CPAP also
has been shown to be of little benefit in
preventing endotracheal intubation in a
trial of 123 patients with pulmonary
edema largely due to acute respiratory
distress syndrome or acute lung injury
(26).

Other studies, however, suggest that se-
lected patients with hypoxemic respiratory
failure may benefit from NPPV. Antonelli et
al. (27) compared NPPV with conventional
invasive mechanical ventilation in 64 pa-
tients with varied causes of hypoxemic re-
spiratory failure, including cardiogenic
pulmonary edema but excluding COPD.
Those ventilated noninvasively had sig-
nificantly lower rates of serious compli-
cations, including pneumonia and sinus-
itis, and shorter total ventilation time
and ICU length of stay. A multiple-center
study from Spain of 105 patients with
severe hypoxemia from varied causes,
other than COPD, resulted in ICU and
90-day survival benefit and reduced rates
of invasive ventilation and septic shock
for the group randomized to NPPV com-
pared with those treated with high-flow
oxygen by Venturi mask (28). Thus, there
is limited evidence supporting the use of
NPPV in hypoxemic respiratory failure. In
the setting of single organ (respiratory)
failure, we believe a trial of NPPV is war-
ranted, with the caveat that endotracheal
intubation should not be delayed if rapid
improvement in gas exchange indices
does not occur or there is instability of
extrapulmonary clinical variables.

Postoperative Respiratory
Failure

Studies of respiratory failure in the
postoperative setting have shown favor-
able results from both NPPV and CPAP.
Nearly a decade ago, Joris et al. (29) dem-
onstrated improvement in pulmonary
function in obese patients after gastro-
plasty, a finding that remains important
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Table 1. Randomized controlled trials of noninvasive positive pressure ventilation (NPPV)¢

Intervention Sample Size Study Design Results (Effect of NPPV)
Co- Intubation  ETI or
Study, Year intervention Criteria Failure Physiology
(Reference No.) Population Site NPPV Control NPPV Control Standardized Standardized Criteria Mortality Improved Complic

Bersten et al., ACPE ED-ICU  CPAP UuMC 19 20 No Yes ! < Yes NR
1991 (17)

Bott et al., 1993  COPD Ward ACV UMC 30 30 No No | 4 Yes NR
(6)

Wysocki et al., ARF (no COPD) ICU PSV + PEEP uMC 21 20 Yes Yes < < NR <
1995 (25)

Brochard et al., ~ COPD ICU PSV UMC 43 42 Yes Yes | l Yes |
1995 (3)

Kramer et al., ARF ICU IPAP + EPAP UMC 16 15 No Yes | < Yes <
1995 (2)

Barbe et al., COPD Ward IPAP + EPAP UMC 20 20 Yes No < < Yes NR
1996 (10)

Mehta et al., ACPE ED-ICU IPAP + EPAP  CPAP 14 13 Yes No < < Yes 1€
1997 (21)

Nava et al., COPD Weaning ICU PSV + PEEP PSV + PEEP 25 25 No Yes NR l Yes |
2003 (23) Invasive

Celikel et al., COPD ICU PSV + PEEP UMC 15 15 Yes No 14 < Yes NR
1998 (4)

Antonelli et al., AHRF ICU PSV + CPAP ACV + PEEP, 32 32 Yes Yes e < Yes |
1998 (27) SIMV + PSV

+ PEEP

Wood et al., ARF, AHRF ED IPAP + EPAP UMC 16 11 No Yes < < No <
1998 (27a)

Confalonieri CAP + ARF, Intermed PSV + CPAP UMC 28 28 No Yes l < Yes <
et al,, 1999 AHRF care
(35)

Girault et al., ARF Weaning ICU PSV + PEEP PSV + PEEP 17 16 No Yes < < Yes <
1999 (35a) ACV + PEEP (invasive)

Jiang et al., Postextubation ~ ICU IPAP + EPAP UMC 47 46 No No < < NR NR
1999 (35b)

Antonelli et al., ARF Solid organ ICU PSV + PEEP UMC 20 20 Yes Yes ! L Yes !
2000 (32) transplantation

Martin et al., ARF, AHRF ICU IPAP + EPAP UMC 32 29 No No ! < NR <
2000 (33a)

Plant et al., COPD Ward Pressure Cycled UMC 118 118 Yes Yes ! ! NR NR
2000 (7)

Delclaux et al., AHRF (non- ICU CPAP UMC 62 61 Yes Yes < < Yes 1
2000 (26) hypercapnic)

Masip et al., ACPE ICU PSV + CPAP UMC 20 20 Yes Yes ! < Yes NR
2000 (22)

Auriant et al., AHRF Post-op ICU IPAP + EPAP UMC 24 24 Yes Yes ! l Yes NR
2001 (31)

Hilbert et al., AHRF ICU PSV + CPAP UMC 26 26 Yes Yes ! l Yes |
2001 (33) Immunosupp

Levitt et al., ACPE ED IPAP + EPAP UMC 19 19 No No < < No NR
2001 (49)

Keenan et al., ARF, AHRF ICU IPAP + EPAP UMC 39 42 Yes Yes < < NR NR
2002 (42) Weaning

Conti et al., ARF ICU PSV + CPAP ACV + PEEP, 23 26 Yes Yes < < Yes <
2002 (50) PSV + PEEP

Ferrer et al., AHRF ICU IPAP + EPAP UMC 51 54 Yes Yes ! ! Yes !
2003 (28)

L'Her et al., ACPE Elderly ED CPAP UMC 43 46 Yes Yes ! < Yes !
2004 (51) (>75 yrs old)

Esteban et al., ARF, AHRF ICU PSV + CPAP UMC 114 107 Yes Yes < 1 NR NR
2004 (43) Weaning

Squadrone et al., AHRF Post-op ICU CPAP UMC 105 104 Yes Yes ! < Yes !
2005 (30)

ETI, endotracheal intubation; | , decreased after NIV; 1, increased after NIV; <>, no change after NIV; Complic, complications (e.g., pneumonia); ACPE, acute
cardiogenic pulmonary edema; ED, emergency department; ICU, intensive care unit; CPAP, continuous positive airway pressure; UMC, usual or standard medical
care; NR, not reported; COPD, chronic obstructive pulmonary disease; ACV, assist control (volume-cycled) ventilation; ARF, acute hypercapnic respiratory failure;
PSV, pressure support ventilation; PEEP, positive end-expiratory pressure; IPAP, inspiratory positive airway pressure; EPAP, expiratory positive pressure; Weaning,
studies that used NPPV to facilitate weaning from mechanical ventilation; AHRF, acute hypoxemic respiratory failure; SIMV, spontaneous intermittent mandatory
ventilation; intermed care, intermediate respiratory care unit; postextubation, studies using NPPV to prevent reintubation after extubation; immunosupp,
immunosuppressed.

“Modified from Gay PC, Hubmayr RD: Mechanical ventilation part II: Noninvasive. In: Irwin and Rippe’s Intensive Care Medicine. Fifth Edition. Irwin
RS, Rippe JM (Eds). Philadelphia, Lippincott Williams and Wilkins, 2003, pp 647—660; %after exclusion of four patients who did not tolerate NPPV (no
difference in mortality with intention-to-treat analysis); “increased incidence of myocardial infarction; “patients in the control group who required NPPV
after satisfying failure criteria; ¢all patients in the control group were intubated; ICU mortality (no difference noted in hospital mortality).
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NPPV for Acute Respiratory Failure

Review of
goals and

indications*

Strong Support
COPD Exacerbation

Cardiogenic Pulmonary Edema
Immunocompromised Host
Failed extubation, Post-operative

Guarded support
Hypoxemia + Pneumonia
Failed extubation, Medical
Severe acidosis (pH <7.2)
Glasgow coma scale <11

If clinically stable, C"m_ca_' improvement Consider intubation
consider delay of within 1-4 hours initially or early if
intubation beyond no improvement

4 hours

S
[ Continue NPPV
until resolution

~
Assess for possible chronic
hypoventilation or OSA
Discharge planning;

NO 3

Intubation or
reassess goals

J

If pt is DNI status,
consider short trial for
acute heart failure/COPD;
possible palliative therapy*

J

*Discussion with patient must include
frank explanation that NPPV should be
considered aggressive respiratory support that
may not be consistent with patient prior directives.
Each patient situation requires addressing
individual specific wishes and needs as NPPV
is also reasonable as a palliative treatment.

Figure 2. Noninvasive positive pressure ventilation (NPPV) for acute respiratory failure. COPD, chronic
obstructive pulmonary disease; pt, patient; DNI, do not intubate; OSA, obstructive sleep apnea.

today given the sharp increases in rates of
obesity surgeries nationwide. Mediated
primarily by lung atelectasis, hypoxemia
is relatively common after abdominal
surgery. A recent large Italian study was
stopped early due to improvements in
intubation rates related to CPAP therapy
in hypoxemia after abdominal surgery, an
effect that is probably mediated in part
through reversal of atelectasis (30). In a
nonblinded study, the use of NPPV in
patients with hypoxemic respiratory fail-
ure after lung resection resulted in a re-
duced need for invasive mechanical ven-
tilation (21% vs. 50%) and lower
mortality rates (12.5% vs. 37.5%) when
compared with oxygen therapy, although
some of the benefit may have derived
from the high rate of pulmonary edema
in each group (31). In those patients who
develop hypoxemic respiratory failure af-
ter uncomplicated elective abdominal

Crit Care Med 2005 Vol. 33, No. 11

surgery, CPAP should be considered early
as a means to reduce the need for endo-
tracheal intubation. There are fewer data
in the setting of other surgeries, but with
single organ failure after otherwise un-
complicated procedures, including lung
resection, CPAP or NPPV is a reasonable
therapeutic option.

Immunocompromised Patients

Avoidance of the infectious complica-
tions associated with invasive mechanical
ventilation is particularly appealing in
immunocompromised patients, in whom
this could be devastating, if not fatal. Two
revealing articles have demonstrated the
benefit of NPPV in this population. An-
tonelli et al. (32) randomized 40 solid
organ transplant recipients to NPPV or
oxygen for hypoxemic respiratory failure,
the cause of which was acute respiratory

distress syndrome in nearly half. Im-
provements associated with NPPV in-
cluded decreases in rates of endotracheal
intubation, fatal complications, ICU mor-
tality, and length of stay. A second study
assessed the use of NPPV in 52 neutro-
penic patients with pulmonary infiltrates
and hypoxemic respiratory failure (more
than half due to hematologic malignancy
and chemotherapy) (33). NPPV resulted
in fewer intubations and serious compli-
cations and reduced ICU and hospital
mortality. Of particular importance to
the success of NPPV, as demonstrated in
these studies, is careful patient selection.
Multiple organ failure, frequently en-
countered in this setting, was an exclu-
sion criterion, and judging by the average
use of NPPV of only 7 to 9 hrs per 24 hrs,
the respiratory failure was relatively mild.
This notwithstanding, it is still reason-
able to consider NPPV as initial ventila-
tory therapy in the immunocompromised
patient (34).

Pneumonia, Severe Acute
Respiratory Syndrome (SARS)

Although it is possible that some of
the immunosuppressed patients in the
studies above indeed had infectious pneu-
monia, the evidence to support the use of
NPPV specifically for pneumonia is
sparse. Confalonieri et al. (35) performed
a randomized trial of NPPV vs. oxygen
therapy in 56 patients (23 of whom had
underlying COPD) with severe communi-
ty-acquired pneumonia. Although there
was a modest benefit afforded the NPPV
group in regard to intubation and ICU
stay, 60-day survival improved only in
those patients with COPD. The same
group of investigators showed improved
outcomes in a nonrandomized clinical se-
ries of AIDS patients with severe pneu-
mocystis pneumonia treated with NPPV
compared with those who were invasively
ventilated (36). The available evidence
suggests that, particularly in the pres-
ence of hypercapnia, patients with other
forms of infectious pneumonia may ben-
efit from NPPV.

A retrospective study reported the
Hong Kong experience with NPPV during
the severe acute respiratory syndrome
(SARS) outbreak (37). A total of 20 pa-
tients (19 with positive coronavirus serol-
ogy) were treated with NPPV for respira-
tory failure consistent with SARS.
Although they were young (mean age, 51
yrs) and had Acute Physiology and
Chronic Health Evaluation II scores of
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only 5.35, 30% of the patients still needed
endotracheal intubation. Although the
selected patients and methodology may
overestimate benefit from NPPV, it is
noteworthy that none of the 105 health-
care workers caring for these patients de-
veloped active signs of infection. Given
the unclear efficacy of NPPV in other
forms of hypoxemic respiratory failure,
caution should be observed when consid-
ering this therapy for SARS patients. Al-
though air exhaled from ventilators with
dual lumen circuits can be filtered, con-
cern for caregiver safety should remain
high in SARS patients given the highly
contagious nature of this disease.

Facilitation of Weaning from
Invasive Mechanical Ventilation/
Rescue of Failed Extubation
(Not Postoperatively)

It is well known that the need for
re-intubation after failed extubation is as-
sociated with poor outcomes and higher
mortality than for those patients success-
fully extubated, even after adjustment for
severity of underlying illness (38, 39). Un-
controlled studies have reported im-
provements in physiologic variables and
reduced need for re-intubation in pa-
tients treated with NPPV after failed ini-
tial extubation from invasive mechanical
ventilation (40, 41). Although this was
studied predominantly in those with
COPD, there seemed to be adequate proof
of concept that this could be considered a
reasonable intervention to avoid reintu-
bation. In response to a call from an in-
ternational consensus conference for ran-
domized, controlled trials to further
assess this, two articles were recently
published that, to the surprise of many,
showed no benefit from NPPV (42, 43). In
fact, the larger, multiple-center trial was
terminated early after an interim analysis
of the first 221 patients revealed a signif-
icantly higher mortality rate in the NPPV
group (42). An important observation of
this study showed that the time from
respiratory failure to re-intubation was
much longer in the NPPV group (12 hrs)
than the standard therapy group (2.5
hrs), underscoring the effect of prompt
institution of definitive therapy, whether
it be NPPV or invasive mechanical venti-
lation. Because the number of patients
with COPD was small in both studies by
design, it is premature to generalize
these results to those with COPD who fail
extubation because, as noted above, there
is evidence (albeit of lower strength) to

2656

support the use of NPPV in these pa-
tients. The findings from the above clin-
ical trials should not necessarily preclude
a trial of NPPV in non-COPD patients
who fail extubation but draws attention
to the importance of early and frequent
reassessment for signs of NPPV failure
and timely endotracheal re-intubation.
Standardized guidelines or protocols for
patient selection and management may
be useful, as discussed below.

Asthma and Other Conditions

Although large RCTs assessing the
utility of NPPV in the setting of acute
asthma are lacking, the ability of NPPV to
unload the respiratory muscles could
conceivably avert endotracheal intuba-
tion in some patients with status asth-
maticus. Small studies have shown some
benefit in this setting (44, 45). Similar
caveats apply to this and other conditions
in which NPPV may be of use, such as
acute respiratory failure in the setting of
obesity-hypoventilation syndrome, where
reassessment for progressive respiratory
failure and depressed level of conscious-
ness should be early and frequent, so as
not to delay endotracheal intubation if
needed.

Patient Selection and Summary

As stated previously, the success of
NPPV is critically dependent on careful
patient selection. There is strong evi-
dence that patients with COPD respond
well to NPPV, particularly under certain
conditions. Predictors of success include
younger age, unimpaired consciousness,
moderate rather than severe hypercarbia
and acidemia, and prompt physiologic re-
sponse (improvement in heart and respi-
ratory rates and gas exchange within 2
hrs) (46). Confalonieri et al. (47) recently
published a logistic regression model to
predict failure of NPPV in patients with
acute exacerbations of COPD. Based on
1,033 consecutive COPD patients, of
whom 236 (22.8%) failed NPPV, the
model showed the highest risk for failure
occurred in those with a Glasgow coma
scale of <11, pH < 7.25, and a respira-
tory rate of >30 breaths/min.

Based on the findings reported above,
we have designed an algorithm for NPPV
and urge the use of established institu-
tional protocols that are subjected to fre-
quent reassessment. Studies often em-
phasize disease indications and the
initiation process for NPPV but are per-

here is abundant

level I evidence

supporting the use
of noninvasive positive pres-
sure ventilation in such crit-
ical care settings as acute
hypercapnic respiratory fail-
ure, particularly related to
chronic obstructive pulmo-
nary disease, and acute car-

diogenic pulmonary edema.

haps lacking in statements regarding re-
sponse to failure and less appropriate use
of NPPV. For this reason, we insist on
careful discussion of the goals and pref-
erences of the patient and practitioners
before initiating NPPV treatment. We re-
gard NPPV as aggressive therapy and do
not initiate this on the hospital ward or in
patients who have clear directives against
more advanced respiratory supportive
therapy. However, a “do not resuscitate
or intubate (DNR/DNI)” order should not
itself preclude a trial of NPPV, which, as
Levy et al. (48) recently showed, can be
associated with a favorable outcome in
the setting of an acute event such as
congestive heart failure or COPD exacer-
bation. In other settings of respiratory
failure in DNR/DNI patients, NPPV may
enhance patient comfort by reducing the
work of breathing and may be appropriate
for short-term use (49-51). However,
fully informed consent should leave no
ambiguity that NPPV could prolong a ter-
minal event.

We support a team approach to the
delivery of NPPV that involves respiratory
therapists and nursing staff, and we have
found that a worksheet performs well in
our practice (Fig. 1). Once the goals, lo-
cation, and equipment choices are made,
a generalized approach to treatment can
follow a logical progression (Fig. 2). Fi-
nally, we have designed a database to
track general use of this therapy for fu-
ture reassessment that will support con-
tinued research involving equipment,
technique, and patient selection.
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