Evidence Table 8.  Noninvasive Positive Pressure Ventilation (continued)


Evidence Table 8.  Noninvasive Positive Pressure Ventilation

	Study
	Design and Quality
	Patient Population
	Study Protocol
	Results
	Notes

	Angus, Ahmed, Fenwick, et al., 1996


	Design:  SPPG

Dates:  N/S
Location:  United Kingdom
Assessment period:  Pts not improving with conventional treatment were randomized to receive NIPPV or doxapram within 1 hr of admission to hospital; blood gases assessed for 

4 hrs, mortality for 24 hrs 

External validity:
  3/5

COPD dx(
COPD bl+

AECB dx(
AECB sev+

Tx duration+

Internal validity:
  1/5; r, ndb, dnd


	N = 17 (completed trial)
Setting:  Pts admitted to respiratory ward of hospital

Inclusion (COPD):  COPD (diagnostic criteria N/S)

Inclusion (AcEx):  Pts with AcExs and type 2 respiratory failure, defined as “PaO2 

< 60 mm Hg and PaCO2 

> 50 mm Hg” whose arterial blood gas values were “static or deteriorating” after 1 hr of conventional treatment

Exclusion:  N/S

Smoking history:  N/S

Baseline stable FEV1:  NIPPV grp, 0.76 ( 0.02 (SEM) L; doxapram grp, 0.77 ( 0.09 L; not clear if FEV1 scores are for disease condition at admission or when stable

FEV1 at admission:  See “baseline stable FEV1”

Age:  63.0

Sex:  9 M, 8 F
Race:  N/S
	Interventions:

Note:  After 4 hrs of study treatment, pts in either group who were deteriorating were given the alternate treatment 
Experimental:  NIPPV; administered by pressure-cycled machine, with ventilation pressure set at 14-18 cm H2O; oxygen-enriched (1-3 L/min) air administered using nasal pillows or a tight-fitting nasal mask for 4 hrs 

Control:  Doxapram IV for 4 hrs, using following protocol:  4 mg/min for 

15 min, 3 mg/min for 30 min, 

2 mg/min for 60 min, and 1.5 mg/min as maintenance dose

Co-interventions:  Oxygen by nasal cannulae; steroids; antibiotics; and nebulized or IV bronchodilators

Outcomes:

Blood gases/oximetry:  Before pts randomized to treatment, ABG tensions measured on admission and after 1 hr of conventional treatment; then measured every hr for 3 hrs; analyzed:  (a) mean change in PaO2 from baseline to 4 hrs; (b) mean change in PaCO2 from baseline to 

4 hrs

Percentage of pts who died
	Blood gases/oximetry: 

(a) Mean change in PaO2 in NIPPV grp (n = 9) significantly better at 4 hrs than in doxapram grp (n = 8) (p < 0.05).  From pre- to posttreatment, mean values for PaO2 in NIPPV grp improved significantly from 44 (3) mm Hg (SE) to 61 (4) mm Hg (p < 0.05); for doxapram grp, these values also improved significantly from a pretreatment mean of 42 (3) mm Hg, but this significance was not maintained at 4 hrs (4-hr means reported only in graphical form)

(b) Between-grp comparisons for mean change in PaCO2 at 4 hrs not reported.  Mean values for NIPPV grp reduced significantly from pre- to posttreatment from 76 (3) mm Hg to 65 (4) mm Hg (p < 0.05); for doxapram grp, pre-treatment mean of 76 (6) mm Hg did not improve during treatment (means reported only in graphical form) 

Percentage of pts who died:  3/8 pts in doxapram grp (38%) died after 4 hrs but within first 24 hrs; consequently, protocol was adjusted so that pts in either grp who were worsening would receive the 

alternate treatment; none of the 

9 NIPPV pts died

Adverse events:  NIPPV “tolerated” in all pts, but “doxapram was added in 1 because of drowsiness at 4 hrs”; no AE results reported for doxapram grp

Dropouts:  N/S
	Not clear how many pts randomized to treatment and how many dropped out



	Barbé, Togores, Rubí, et al., 1996



	Design:  SPPG

Dates:  N/S
Location:  Spain
Assessment period:  

80 hrs; many outcomes also measured at discharge

External validity:  3/5

COPD dx(
COPD bl+

AECB dx(
AECB sev+

Tx duration+

Internal validity:  2/5

r, ndb, dd


	N = 24
Setting:  Pts presented to ED, were admitted to hospital, and were then (within 12-48 hrs) transferred to a respiratory ward outside the intensive care setting

Inclusion (COPD):  COPD (diagnostic criteria N/S)

Inclusion (AcEx):  Severe respiratory failure with respiratory acidosis (diagnostic criteria N/S)

Exclusion:  Clinical or radiological evidence of bacterial pneumonia, pleural effusion, left ventricular failure, or nasal deformities

Smoking history:  68 pack-yrs

Baseline stable FEV1:  

33% ( 2% (SEM) predicted at discharge

FEV1 at admission:  N/S

Age:  68

Sex:  24 M, 0 F
Race:  N/S

	Interventions:

Experimental:  NIVS with BiPAP® applied through a nasal mask; BiPAP® administered in two daytime sessions of 3 hrs each for the first 

3 days of hospitalization in respiratory ward

Control:  No NIVS

Co-interventions:  Standard treatment = aerosolized albuterol, 4x/day (tapered individually after first 

3 days); prednisolone IV, 3x/day (tapered individually after first 3 days); oxygen by Venturi mask

Outcomes:

NB:  24-hr outcomes represent results from time of admission to respiratory ward, before start of experimental treatment

Peak flow rate:  Means reported for baseline (24 hrs), 30 hrs, 72 hrs, 

80 hrs, and time of discharge.  Investigators analyzed improvement from baseline within each grp and compared the two grps in a two-way ANOVA, followed by a post hoc contrast analysis.

Blood gases:  PaO2, PaCO2, pH, 

PA-aO2.  Means reported (graphically) for baseline (ED), 24 hrs, 30 hrs, 72 hrs, 80 hrs, and time of discharge.  Investigators analyzed improvement from baseline within each grp and compared the two grps in a two-way ANOVA, followed by a post hoc contrast analysis.

LOS in hospital:  Mean number of days

Percentage of pts intubated


	Peak flow rate:  Within-grp improvement from baseline (24 hrs) was significant only at time of discharge (p < 0.05, both grps).  There were no significant differences between the two grps at any time point (p ( 0,05).  Mean peak flow rates (L/min) (( SEM) were:

(a) BiPAP® grp (n = 10):  Baseline (24 hrs), 176 ( 22; 80 hrs,
166 ( 27; discharge, 247 ( 35.

(b) Control grp (n = 10):  Baseline, 146 ( 22; 80 hrs, 178 ( 25; discharge, 203 ( 18.

Blood gases: 

(a) PaO2:  Improved significantly in both grps from baseline (ED) to 72 hrs, 80 hrs, and time of discharge (p < 0.001 for all comparisons vs. baseline).  There were no significant differences between the two grps (p ( 0.05).  (Means reported only graphically.)

(b) PaCO2:  Decreased significantly in both grps from baseline (ED) to time of discharge (p < 0.05 for each comparison).  There were no significant differences between the two grps (p ( 0.05).  (Means reported only graphically.)

(c) pH:  Improved significantly in both grps from baseline (ED) to every time point from 24 hrs on (p < 0.001 for all comparisons).

There were no significant differences between the two grps (p ( 0.05).  (Means reported only graphically.)

(d) PA-aO2:  Did not significantly improve in either treatment grp.

LOS in hospital:  No significant difference between the two grps:  BiPAP® (n = 10), 10.6 ( 0.9 (SEM) days; control (n = 10), 11.3 ( 1.3 days

Percentage of pts intubated:  No pts were intubated in either treatment grp.

Adverse events:  4/14 pts in the BiPAP® grp (29%) could not tolerate the treatment, 3 due to claustrophobia, 1 due to anxiety.  No information was provided on AEs in the control grp.

Dropouts:  The 4 BiPAP® pts were the only pts prematurely withdrawn/ excluded from the analysis (17%)


	Different baseline time points/data used for peak flow (24 hrs) and blood gas (ED) outcomes.

BiPAP® given during daytime hrs only



	Boix, Tejeda, Álvarez, et al., 1996
	Design:  Crossover

Dates:  N/S
Location:  Spain
Assessment period:  3 hrs, divided into four 45-min periods (see “crossover design”)
External validity:  3/5

COPD dx+

COPD bl(
AECB dx+

AECB sev+

Tx duration(
Internal validity:  0/5

r(, ndb, dnd


	N = 20
Setting:  Inpatients at 

2 hospitals

Inclusion (COPD):  COPD according to ATS criteria (1987)

Inclusion (AcEx):  Increased cough, purulent sputum production, recent and rapid worsening of dyspnea with paradoxical abdominal motion or thoracoabdominal asynchronism, PaO2 < 60 mm Hg, PaCO2 > 50 mm Hg on room air, and/or severe pulmonary obstruction

Exclusion:  Need for endotracheal intubation and MV, history of cardiovascular disease, evidence of pneumonia

Smoking history:  N/S

Baseline stable FEV1:  N/S

FEV1 at admission:  

30.5% ( 5.2% (SD) predicted

Age:  63.3

Sex:  17 M, 3 F
Race:  N/S

	Interventions:

Experimental:  EHFOV (Hayek oscillator); settings established by protocol

Control:  NIPPV; settings established by protocol

Co-interventions:  “Standard treatment,” including oxygen by nasal cannula, bronchodilators (aminophylline, 

(2-andrenoceptor agonists), corticosteroids, antibiotics (amoxicillin with clavulanic acid), and chest physiotherapy

Crossover design:  During the 

24-48 hrs after admission, each pt completed a 3-hr study session divided into four 45-min periods:  baseline, first ventilatory mode, weaning of ventilation (pause), second ventilatory mode.

Outcomes:

Blood gases:  Measured at 45 min during each phase of the crossover.  Investigators reported mean pH, PaCO2, and PaO2 at baseline, during the pause in the crossover (washout), and posttreatment and analyzed change from baseline to posttreatment for each mode of ventilation.  Period 

1 and 2 data were not reported separately.

Investigators also reported the number of pts in whom the difference in the decrease (from baseline) in PaCO2 attained with the two modes of ventilation was < 5 mm Hg, 5-10 mm Hg, and > 10 mm Hg.
	Blood gases: 

(1) The two modes of ventilation produced closely similar blood gas results (p > 0.5 for all outcomes; n = 20 for all data).

(a) pH:  Baseline, 7.37 ( 0.06 (SD); post-HFOV, 7.40 ( 0.03 (p < 0.001 vs. baseline); post-NPPV, 7.41 ( 0.05 

(b) (p < 0.05 vs. baseline).

(c) PaCO2 (mm Hg):  Baseline, 64.4 ( 12.0 (SD); post-HFOV, 56.4 ( 9.5 (p < 0.001 vs. baseline); post-NPPV,  56.5 ( 11.6 (p < 0.001 vs. baseline).

(d) PaO2 (mm Hg):  Baseline, 52.9 ( 19.1(SD); post-HFOV, 51.1 ( 22.3; post-NPPV, 52.5 ( 8.2.

(2) Differences in the decrease in PaCO2 attained with the two modes of ventilation were < 5 mm Hg in 

13 pts, 5-10 mm Hg in 6 pts, and 

> 10 mm Hg in 1 pt (not analyzed)

Percentage of pts intubated:  No pts required intubation.
Adverse events/complications:  Investigators reported that “[n]o complications were observed during the study.”

Dropouts:  Not described
	Low quality score (0)

No significant differences between baseline and “pause” (washout) values for any of the major outcome variables 

(p > 0.05)

	Bott, Carroll, Conway, et al., 1993
	Design:  SPPG

Dates:  N/S
Location:  United Kingdom
Assessment period:  Treatment in NIPPV pts started as soon as possible after admission; study duration was 

7 days
External validity:  2/5

COPD dx(
COPD bl(
AECB dx(
AECB sev+

Tx duration+

Internal validity:  2/5

r, ndb, dd


	N = 60 (see “Note” at right)
Setting:  Pts admitted to hospital (study conducted at 

3 hospitals)

Inclusion (COPD):  “Chronic obstructive airways disease,” not defined; age ≤ 80 yrs

Inclusion (AcEx):  Pts with acute ventilatory failure due to “acute exacerbations,” defined as (1) PaO2 < 56 mm Hg and 

(2) PaCO2 > 45 mm Hg 

Exclusion:  Use of NIPPV at home; severe disease not attributable to chronic respiratory disease; severe psychiatric disease

Smoking history:  N/S

Baseline stable FEV1:  N/S

FEV1 at admission:  N/S

Age:  N/S

Sex:  N/S
Race:  N/S

	Interventions:

Experimental:  NIPPV; volume-cycled, administered by silicone nasal mask; provided 1-2 L/min of oxygen for ≤ 16 hrs/day (including all night, but excluding periods of eating, drinking, moving around); treatment duration reduced as pt improved 

Control:  No NIPPV

Co-interventions:  Nonstandardized conventional treatment, defined as “that deemed appropriate by the clinicians responsible:  oxygen at 

24-28%; inhaled bronchodilators; and all, or a combination of, antibiotics, diuretics, respiratory stimulants, IV or oral corticosteroids, and bronchodilators” 

Outcomes:

Blood gases/oximetry:  ABGs measured on admission, after 1 hr on allocated treatment, on day 3, and on day 7, while pt was breathing room air (except at 1 hr after admission when pt was using either oxygen or NIPPV)

(a)  Mean difference in change in PaCO2 from baseline to 1 hr

LOS in hospital:  Median no. of days

Percentage of pts intubated

Percentage of pts who died within 30 days
	Blood gases/oximetry:  Mean difference in change in PaCO2 significantly lower (by 9 mm Hg) in NIPPV grp (n = 26) than in control grp  (n = 30) (95% CI, 3.4 to 15; 

p < 0.01).  Baseline and 1-hr mean PaCO2 scores:  NIPPV grp, 65 mm Hg and 54 mm Hg; control grp, 

65 mm Hg and 64 mm Hg (no variance data provided).  No within-grp p-values provided

LOS in ED or hospital:  NIPPV grp, 9 (1-22) days (median) vs. control grp, 9 (1-39) days (median)

Percentage of pts intubated:  NIPPV grp, 0; control grp, 2/30 (6.7%) 

Percentage of pts who died within 30 days:  Using “intent-to-treat” analysis, no significant differences found between grps:  NIPPV grp, 3/30 pts (10%) vs. 9/30 pts in control grp (30%) died within 30 days (relative risk = 0.33; CI, 0.10 to 1.11;p = 0.106)
Adverse events:  N/S

Dropouts:  NIPPV grp, 4/30 (13%); control grp, 10/30 (33%)
	Exact n’s for each hospital unclear:  “approxi-mately 10 in each [treatment] grp” for all hospitals

Pts in 1 hospital significantly less acidotic at baseline than those in other 

2 hospitals     (p < 0.05)

4/30 pts in NIPPV grp (13%) vs. 13/30 in control grp (43%) received doxapram 



	Brochard, Mancebo, Wysocki, et al., 1995



	Design:  SPPG

Dates:  

9/90-11/91
Location:  France (3 sites), Italy 

(1 site), and Spain (1 site)
Assessment period:  Pts followed from admission until discharge from hospital
External validity:  2/5

COPD dx(
COPD bl(
AECB dx(
AECB sev+

Tx duration+

Internal validity:  3/5

r+, ndb, dd


	N = 85
Setting:  5 hospital ICUs

Inclusion (COPD):  Known COPD or high probability of COPD (on basis of clinical history, physical exam, and chest film), with respiratory acidosis and elevated bicarbonate level

Inclusion (AcEx):  Exacerbation of dyspnea lasting < 2 wks and at least two of the following:  respiratory rate 

> 30 breaths/min; PaO2 < 45 mm Hg; arterial pH < 7.35 after breathing room air for at least 10 min

Exclusion:  Respiratory rate 

< 12 breaths/min; need for immediate intubation; tracheotomy or endotracheal intubation performed before admission; use of sedative drugs in previous 12 hrs; CNS disorder unrelated to hypercapnic encephalopathy or hypoxemia; cardiac arrest w/in previous 5 days; cardiogenic pulmonary edema; kyphoscoliosis as the cause of chronic respiratory failure or a neuromuscular disorder; upper airway obstruction or asthma; clear cause of decompensation requiring specific treatment; facial deformity; enrollment in other investigative protocols; refusal to undergo intubation

Smoking history:  N/S

Baseline stable FEV1:  N/S

FEV1 at admission:  N/S

Age:  70.0

Sex:  N/S
Race:  N/S

	Interventions:

Experimental:  Noninvasive, pressure-support ventilation (ARM 25 machine, with face mask) for at least 

6 hrs/day (duration determined on basis of clinical criteria and ABGs by physician in charge)

Control:  No NIV

Co-interventions:  “Standard treatment”:  

(1) oxygen by nasal prongs, with maximal flow rate of 5 L/min, to achieve arterial oxygen saturation 

> 90%; and (2) medications, including heparin SC, antibiotics, and bronchodilators (terbutaline SC, aerosolized and IV albuterol, and corticosteroids or IV aminophylline or

both), with the correction of electrolyte abnormalities

Outcomes:

Blood gases:  PaO2, PaCO2, and pH measured pretreatment, at 1, 3, and 12 hrs, and once per day thereafter.  Results reported for 0 and 1 hr only

Percentage of pts intubated:  Reported (a) for the entire hospital stay and separately for 

(b) the first hr and (c) first 12 hrs

LOS in hospital:  (a) Mean LOS (in days)

(b) No. of surviving pts with hospital stay 

> 4 wks

Mortality:  No. of deaths during hospital stay
	Blood gases:  
There were no significant differences in blood gas levels between the two grps at admission.  P-values are for 1 hr vs. baseline; no posttreatment between-grp comparisons were reported.  All results are mean ( SD.

(a) PaO2 (mm Hg):  Standard treatment:  Pretreatment,           (n = 42), 39 ( 12; 1 hr (n = 39), 58 ( 24 (p = 0.01).  NIV:  Pretreatment (n = 43), 41 ( 10;   1 hr (n = 42), 66 ( 17 (p = 0.01).

(b) PaCO2 (mm Hg):  Standard treatment:  Pre-treatment,          (n = 42), 67 ( 16; 1 hr (n = 39), 72 ( 18 (p = 0.003).                      NIV:  Pretreatment (n = 43), 70 ( 12; 1 hr (n = 42), 68 ( 13           (p = 0.17).

(c) pH:  Standard treatment:  Pretreatment, (n = 42), 7.28 ( 0.11; 1 hr (n = 39), 7.26 ( 0.11  (p = 0.01).  NIV:  Pretreatment   (n = 43), 7.27 ( 0.10; 1 hr          (n = 42), 7.31 ( 0.09 (p < 0.001).

Percentage of pts intubated: 

(a) Over the entire hospital stay:  31/42 pts (74%) in the standard-treatment grp vs. 11/43 (26%) in the NIV grp (p < 0.001).  Results were consistent across the 5 sites.

(b) During the first hr of treatment:  17/42 pts (41%) in the standard treatment grp vs. 3/43 (7.0%) in the NIV grp (not analyzed)

(c) During the first 12 hrs of treatment:  23/42 pts (55%) in the standard treatment grp vs. 9/43 (21%) in the NIV grp (not analyzed)

LOS in hospital:  

(a) Mean LOS (( SD) significantly longer in grp receiving standard treatment (35 ( 33 days) than in grp receiving NIV (23 ( 17) (p = 0.02).

(b) Number of surviving pts with hospital stays of > 4 wks:  14/30 (47%) in the standard treatment grp vs. 7/39 (18%) in the NIV grp 

(p = 0.004).

Mortality:  Deaths in hospital:  12/42 (29%) in standard treatment grp, 4/43 (9.3%) in NIV grp (p = 0.02).  After adjustment for intubation, there was no significant difference between the two grps.
Adverse events:  Investigators described complications and events leading to death.  The proportion of pts reporting one or more complications was significantly 

(p = 0.001) higher in the standard treatment grp (20/42 = 48%) than in the NIVgrp (7/43 = 16%).  Pneumonia developed in 7/42 pts (17%) in the standard treatment grp, compared with 2/43 (4.7%) in NIV grp.  Multiple pneumothoraxes were reported by 

1 (2.3%) and 0 pts in the standard treatment and ventilation grps, respectively, and facial skin necrosis by 0 and 1 (2.3%) of pts.

Dropouts:  None apart from pts who died
	3 pts in the standard-treatment grp and 1 in the NIV grp were intubated before 1-hr blood samples were drawn and were not included in the 1-hr blood gas results.

Investigators formulated specific criteria for intubation to be used in both treatment grps.  In NIV grp, if two minor criteria present after withdrawal of ventilation, then ventilation could be reintroduced

If criteria persisted, then intubation performed

	Girault, Chevron, Richard, et al., 1997



	Design:  Crossover

Dates:  N/S
Location:  France
Assessment period:  

2 consecutive treatment periods of at least 30 min each, both during first 48 hrs after admission to ICU
External validity:  1/5

COPD dx(
COPD bl(
AECB dx(
AECB sev+

Tx duration(
Internal validity:  1/5

r, ndb, dnd


	N = 15
Setting:  Hospital ICU

Inclusion (COPD):  Known COPD or a high probability of COPD on the basis of clinical history, physical exam, chest radiography, and/or previous PFT data

Inclusion (AcEx):  Hypercapnic ARF requiring NIV, with at least 3 of the following:  tachypnea > 25/min or bradypnea ( 12/min; PaO2 

( 60 mm Hg in ambient air; PaCO2 ( 49 mm Hg in ambient air or worsening with a low nasal oxygen flow (( 3 L/min); respiratory acidosis (pH 

( 7.35); a normal level of consciousness or moderate signs of respiratory encephalopathy (drowsiness, confusion, flapping tremor)

Exclusion:  Failure to tolerate NIV during first few hrs after admission; need for immediate endotracheal intubation; contraindication to insertion of an esophageal tube

Smoking history:  N/S

Baseline stable FEV1:  N/S

FEV1 at admission:  

29.20% ( 10.43% (SD) predicted

Age:  64.5

Sex:  12 M, 3 F
Race:  N/S

	Interventions:

Experimental:  NIV in assist-control AC mode with nasal mask; settings adjusted according to clinical tolerance of pt

Control:  NIV in spontaneous breathing SB mode with nasal mask, supplemented with inspired oxygen; ventilator settings adjusted according to clinical tolerance of pt

Co-interventions:  None described

Crossover design:  Pt used NIV in one mode (AC or SB) for “a minimal duration of 30 min,” then crossed over to the other (no “washout”)

Outcomes:

Blood gases:  Investigators analyzed (a) mean change in PaO2, PaCO2, and pH from baseline to posttreatment; 

(b) mean posttreatment PaO2, PaCO2, and pH; and (c) median posttreatment differences between AC and SB ventilation for PaO2, PaCO2, and pH.
	Investigators stated that “[n]o evidence was found for any carryover (interaction) or period effects so all the results presented are for the nonparametric treatment effects.”

Blood gases/oximetry:
(a) PaO2:  AC-mode NIV (n = 15) significantly improved PaO2 compared with baseline values 

(p < 0.001); SB-mode NIV (n = 15) did not (p ( 0.05).  Posttreatment mean PaO2 values were significantly better with AC-mode ventilation than with SB-mode (p = 0.02).  Mean baseline and posttreatment PaO2 values (( SD) were as follows:


Baseline:  63 ( 22 mm Hg


Post-AC:  100 ( 16 mm Hg


Post-SB:  88 ( 12 mm Hg

The median difference (with range) in posttreatment PaO2 between AC- and SB-mode ventilation was 

8.5 ((19 to 48) mm Hg.

(b) PaCO2:  AC-mode NIV (n = 15) significantly improved PaCO2 compared with baseline values 

(p = 0.001); SB-mode NIV (n = 15) did not (p ( 0.05).  Posttreatment mean PaCO2 values were significantly better with AC-mode ventilation than with SB-mode 
(p < 0.001).  Mean baseline and posttreatment PaCO2 values (( SD) were as follows:

Baseline:  71 ( 12 mm Hg
Post-AC:  55 ( 10 mm Hg
Post-SB:  64 ( 10 mm Hg

The median difference (with range) in posttreatment PaCO2 between AC- and SB-mode 

ventilation was (6 ((26 to 2) mm Hg.

(c) pH:  AC-mode NIV (n = 15) significantly improved pH compared with baseline values  (p = 0.0009); SB-mode NIV  (n = 15) did not (p ( 0.05).  Posttreatment mean pH values were significantly better with AC-mode ventilation than with SB-mode (p < 0.001).  Mean baseline and posttreatment pH values (( SD) were as follows:

Baseline:  7.32 ( 0.03

Post-AC:  7.40 ( 0.07

Post-SB: 7.35 ( 0.05

The median difference (with range) in posttreatment pH between AC- and SB-mode ventilation was 0.03 (0 to 0.19).

Percentage of pts intubated:  None of the 15 pts required intubation.

Adverse events:  “Respiratory comfort” (measured by pts on a 

100-mm VAS) was significantly better with SB-mode ventilation than with 

AC-mode (p < 0.05).  No other data on adverse events were reported.

Dropouts:  Not described
	Low quality score (1)

AcExs were related to bronchial infection in 14 cases and to pneumonia in 1.




	
	
	
	
	
	

	Kramer, Meyer, Meharg, et al., 1995



	Design:  SPPG

Dates:  10/92-6/93
Location:  United States
Assessment period:  

72 hrs for most outcomes
External validity:  2/5

COPD dx(
COPD bl(
AECB dx(
AECB sev+

Tx duration+

Internal validity:  2/5

r, ndb, dd


	N = 23 (COPD pts)
Setting:  2 hospitals.  Pts either presented with ARF or developed ARF during hospitalization.  All pts monitored in an ICU or step-down unit.

Inclusion (COPD):  N/S

Inclusion (AcEx):  Respiratory distress, as evidenced by moderate to severe dyspnea, accessory muscle use, or abdominal paradox; and ARF, as evidenced by pH < 7.35, PaCO2 > 45 mm Hg, and respiratory rate > 24 breaths/ min

Exclusion:  Respiratory arrest or need for immediate intubation; hypotension (systolic BP < 90 mm Hg); uncontrolled arrhythmias; upper airway obstruction or facial trauma; inability to clear secretions; inability to cooperate or fit mask

Smoking history:  N/S

Baseline stable FEV1:  N/S

FEV1 at admission:  N/S

Age:  68.5 (all pts)

Sex:  18 M, 13 F (all pts)
Race:  N/S

	Interventions:

Experimental:  NPPV administered using a BiPAP® ventilatory assist system (Respironics) with a nasal mask.  Pts encouraged to use NPPV for as long as tolerated, aiming for at least 8 hrs per day.  Weaning attempted no sooner than 6 hrs after initiation once clinical stability attained

Control:  No NPPV

Co-interventions:  Standard treatment = all treatments and interventions that would have been administered had the pt not been entered into the study.  For COPD pts, these might include corticosteroids, frequent respiratory treatments, supplemental oxygen, antibiotics, and, if necessary, endotracheal intubation.  Treatments determined by pt’s primary care physician.

Outcomes:

Only those outcomes for which results were reported separately for pts with COPD are considered here.

Percentage of pts intubated:  Measured over 72 hrs

LOS in hospital:  Mean number of days


	Percentage of pts intubated:  

8/12 pts (67%) in the standard treatment grp vs. 1/11 (9.1%) in the NPPV grp (p = 0.017).

LOS in hospital:  No significant difference between the two grps 

(p > 0.05):  17.3 + 3.0 (SEM) days for standard treatment grp (n = 12), 

14.9 ( 3.3 for NPPV grp (n = 11)

Adverse events:  Investigators reported data on complications of treatment in all pts.  6/16 pts (38%) in the NPPV grp had problems with the mask (skin ulcerations, air leakage through the mouth, intolerance).  

3/16 (19%) had worsening gas exchange requiring intubation.  One intubated pt each in the control grp (5/15 = 33%) had hypotension, nosocomial pneumonia, tension pneumothorax, inspiratory stridor after self-extubation, and myopathy after prolonged steroid administration.

Dropouts:  None apart from those pts who died (in all pts, 2/15 in the standard treatment grp and 1/16 in the NPPV grp)


	Trial also included 

2 pts with CHF, 

4 with pneumonia, 1 with asthma, and 1 with a PE

Intubation was deemed necessary if progress-sive clinical deterioration occurred, as manifested by worsening mental status, dyspnea or tachypnea, development of hypoten-sion (systolic BP < 90 mm Hg), rise in PaCO2 of 

5-10 mm Hg, or fall in pH of 0.05-0.1 units.  Pt’s primary care physician made decision to intubate

using these criteria

Control pts who declined intubation were offered NPPV if they deteriorated sufficiently to warrant intubation.  Such pts were considered to have needed intubation for the purposes of the analysis.

	Meecham Jones, Paul, Grahame-Clarke, et al., 1994



	Design:  Crossover

Dates:  N/S
Location:  United Kingdom
Assessment period:  Four 1-hr treatment periods, with at least 1 hr in between
External validity:  1/5

COPD dx(
COPD bl(
AECB dx(
AECB sev+

Tx duration(
Internal validity:  1/5

r, ndb, dnd


	N = 12
Setting:  Hospitalized pts

Inclusion (COPD):  Diagnosis made “on clinical grounds” (diagnostic criteria N/S)

Inclusion (AcEx):  Diagnosis made “on clinical grounds” (diagnostic criteria N/S); no focal consolidation on chest radiography; deterioration in spirometry and ABGs

Exclusion:  N/S

Smoking history:  N/S

Baseline stable FEV1:  N/S

FEV1 at admission:  

0.59 L ( 0.13 (SD)

Age:  Median 69 (range:  

49-76)

Sex:  11 M, 1 F
Race:  N/S

	Interventions:

Experimental:  Pressure-cycled NIPPV, administered via the BiPAP® ventilatory support system, using a nasal mask

Control 1: Pressure-cycled NIPPV + EPAP, administered via the BiPAP® ventilatory support system, using a nasal mask

Control 2:  CPAP, administered via the BiPAP® ventilatory support system, using a nasal mask

Control 3:  Volume-cycled NIPPV, administered via the BromptonPAC ventilator, using a nasal mask

Co-interventions:  All pts entered the trial within 16 hrs of admission to hospital; during pretrial period, oxygen therapy and “other appropriate treatments” were instituted; oxygen therapy was continued for the duration of the trial; 4 pts already established on doxapram IV continued it throughout the trial; all pts were treated during the trial with antibiotics, corticosteroids, and nebulized bronchodilators

Crossover design:  Each pt underwent 4 periods of ventilation for 1 hr each; at least 1 hr elapsed between different treatment periods; during 1-hr “washout,” blood gas levels “returned to a stable baseline”

Outcomes:

Blood gases:  Mean changes in PaO2 and PaCO2 from immediately pretreatment to 1 hr (immediately posttreatment)

LOS in hospital:  Median no. of days

Percentage of pts intubated
	Blood gases: 

(a) PaO2:  Pressure-cycled NIPPV, CPAP, and volume-cycled NIPPV all produced significant improvements in PaO2; there was no significant difference in the three modes (repeated measures ANOVA).  Pressure-cycled NIPPV + EPAP did not result in a significant improvement.  Mean changes in PaO2 from pre- to posttreatment (with 95% CI) were (n = 12):  Pressure-cycled NIPPV, +2.50 (1.06 to 3.95); pressure-cycled NIPPV + EPAP, +0.82 ((0.78 to 2.23); CPAP, +1.35 (0.10 to 2.79); volume-cycled NIPPV, +2.34 (1.34 to 3.38).

(b) PaCO2:  None of the ventilator modes produced significant improvements in mean PaCO2. Mean changes in PaCO2 from pre- to posttreatment (with 95% CI) were (n = 12):  Pressure-cycled NIPPV, (0.29 ((0.59 to 0.01); pressure-cycled NIPPV + EPAP, (0.24 ((1.02 to 0.54); CPAP, +0.25 ((0.18 to 0.68); volume-cycled NIPPV, +0.04 ((0.51 to 0.60).

LOS in hospital:  11 days (range: 

5-22)

Percentage of pts intubated:  No pts were intubated
Adverse events:  3 pts experienced “great difficulty” in tolerating pressure-cycled NIPPV + EPAP.  No further data reported on AEs

Dropouts:  Not described
	Low quality score (1)

7 pts had used NIPPV during previous hospital admissions, and 2 were established on domiciliary NIPPV

Across all forms of ventilation, pts with higher initial PaCO2 levels tended to rise further with treatment, while those with lower starting levels tended to fall 

(p < 0.02).



	Vitacca, Rubini, Foglio, et al., 1993



	Design:  SPPG

Dates:  N/S
Location:  Italy
Assessment period:  To time of discharge from hospital
External validity:  4/5

COPD dx+

COPD bl+

AECB dx(
AECB sev+

Tx duration+

Internal validity:  2/5

r, ndb, dd


	N = 29
Setting:  Pts admitted from hospital rehabilitation unit to 

2 respiratory intermediate ICUs 

Inclusion (COPD):  COLD, according to ATS criteria (1987)

Inclusion (AcEx):  Acute hypercanic respiratory failure (not defined); NIV instituted when pts met the following criteria:  rapid deterioration in neurological status (Glasgow Coma Scale ( 9), acute onset of severe hypercapnia 

(PaCO2 > 65 mm Hg), acute decrease in pH (< 7.35), tachypnea and /or abdominal paradox.

Exclusion:  N/S

Smoking history:  N/S

Baseline stable FEV1:  

0.71 ( 0.25 (SD) L

FEV1 at admission:  

NPSV grp, 0.36 ( 0.13 (SD) L; NIPPV grp, 0.48 ( 0.21 L

Age:  62

Sex:  18 M, 11 F
Race:  N/S
	Interventions:

Experimental:  NPSV by facial mask; ventilation titrated to pt

Control:  NIPPV in assist-control mode by facial mask; ventilation settings established by protocol

Both types of NIV were prescribed continuously, but were stopped for 

15-30 min when pts had to expectorate, drink, or rest

NIV was withdrawn when pt either:  

(1) reached levels of pH > 7.35 in spontaneous breathing w/o further neurological worsening for at least 

24 hrs (successful therapy) or 

(2) needed endotracheal intubation (unsuccessful therapy)

Co-interventions:  Standard IV medical therapy (aminophylline, steroids, and (2 agonists) and oxygen therapy

Outcomes:

FEV1:  Measured only in pts able to perform spirometry (n = ?).  Investigators analyzed improvement from baseline to time of withdrawal of ventilation.

Blood gases:  Measured only in pts who were not intubated. Investigators analyzed improvement from baseline to time of withdrawal of ventilation (note that pH > 7.35 required for withdrawal).

Percentage of pts intubated

Mortality
	FEV1:  NPSV (n = ?):  Preventilation, 0.34 ( 0.11 (SD) L; withdrawal, 

0.71 ( 0.21 L;  NIPPV (n = ?):  Preventilation, 0.32 ( 0.13 L; withdrawal, 0.68 ( 0.21 L (p < 0.001).

Blood gases:  There were no significant differences between the two grps for any of the following outcomes (p ( 0.05): 

(a) pH:  NPSV (n = 14), baseline, 7.29 ( 0.03 (SD?); withdrawal, 7.35 ( 0.02; NIPPV (n = 10), baseline, 7.25 ( 0.09; withdrawal, 7.40 ( 0.04.

(b) PaCO2:  NPSV (n = 14), baseline, 77 ( 11 (SD?) mm Hg; withdrawal, 61 ( 5; NIPPV (n = 10), baseline, 87 ( 20;       withdrawal, 57 ( 10.

(c) PaO2/FiO2:  NPSV (n = 14), baseline, 1.95 ( 0.69 (SD?); withdrawal, 2.41 ( 0.62; NIPPV (n = 10), baseline, 1.65 ( 0.36; withdrawal, 2.23 ( 0.46.

Percentage of pts intubated:  

2/16 pts (13%) in the NPSV grp and 3/13 (23%) in the NIPPV grp 

(n.s. [p ( 0.05])

Mortality:  4/29 pts (14%), all intubated, died during the study (ventilation grp N/S).

Adverse events:  A significantly larger number of pts reported AEs with NIPPV than with NPSV 

(p < 0.01).  NIPPV:  nose abrasion 

(4 pts), bad sleeping (2), nose pain (1), gastric distension (1), mask leakage (1), claustrophobia (1). NPSV:  nose abrasion (2 pts), nose pain (1), rhinitis (1).

Dropouts:  None, apart from pts who died
	Acute diagnoses at time of admission to ICU were infectious relapse (20 pts), pneumonia (7 pts), and PE 

(2 pts).




1External validity score (5 points possible):  COPD dx = COPD diagnosis based on spirometry (+ = yes = 1; ( = no = 0); COPD bl = baseline stable ventilatory status of population described (+ = yes = 1; ( = no = 0); AECB dx = diagnosis of AECB includes at least two of following:  increased sputum purulence, increased sputum volume, increased dyspnea (+ = yes = 1; ( = no = 0); AECB sev = severity of AECB at enrollment described based on at least two of following:  mental status change, work of breathing, ventilatory status (+ = yes = 1; ( = no = 0); Tx duration = outcomes assessed at 24 hours or later (+ = yes = 1; ( = no = 0).

2Internal validity score (5 points possible):  Randomization:  r = study described as randomized, method of randomization not described (1 point); r+ = method of randomization described and adequate (2 points); r( = method of randomization described but inadequate (0 points).  Double-blinding:  ndb = not double-blind      (0 points); db = study described as double double-blind, method of blinding not described (1 point); db+ = method of blinding described and adequate (2 points);  db( = method of blinding described but inadequate (0 points).  Dropouts:  dd = dropouts described (1 point); dnd = dropouts not described (0 points).
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