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Abstract Objective: To investigate
the effects of noninvasive positive
pressure ventilation (NPPV) on
pulmonary gas exchange, breathing
pattern, intrapulmonary shunt frac-
tion, oxygen consumption, and rest-
ing energy expenditure in patients
with persistent acute respiratory
failure but without chronic obstruc-
tive pulmonary disease (COPD)
after early extubation.
Design: Prospective study.
Setting: Multidisciplinary intensive
care unit of a university hospital.
Patients: 15 patients after prolonged
mechanical ventilation (> 72 h) with
acute respiratory insufficiency after
early extubation.
Interventions: Criteria for early ex-
tubation were arterial oxygen ten-
sion (PaO2) L 40 mm Hg (fractional
inspired oxygen 0.21), arterial car-
bon dioxide tension (PaCO2)
K 55 mmHg, pH > 7.32, respiratory
rate K 40 breaths per min, tidal vo-
lume (VT) L 3 ml/kg, rapid shallow
breathing index K 190 and negative
inspiratory force L 20 cmH2O.
After extubation, two modes of
NPPV were applied [continuous po-
sitive airway pressure (CPAP) of
5 cmH2O and pressure support ven-
tilation (PSV) with 15 cmH2O pres-
sure support].
Measurements and main results:
Oxygenation and ventilatory para-

meters improved during both modes
of NPPV (p < 0.05): increase in
PaO2 of 11 mmHg during CPAP and
21 mmHg during PSV; decrease in
intrapulmonary shunt fraction of
7 % during CPAP and 12% during
PSV; increase in tidal volume of
1 ml/kg during CPAP and 4 ml/kg
during PSV; decrease in respiratory
rate 6 breaths/min during CPAP and
9 breaths/min during PSV. Oxygen
consumption (15 % during CPAP,
22% during PSV) and resting ener-
gy expenditure (12 % during CPAP,
20% during PSV) were reduced
(p < 0.05). PaCO2 decreased,
whereas minute ventilation and pH
increased during PSV (p < 0.05).
The median duration of NPPV was
2 days. Two patients had to be rein-
tubated.
Conclusions: In non-COPD patients
with persistent acute respiratory
failure after early extubation, NPPV
improved pulmonary gas exchange
and breathing pattern, decreased in-
trapulmonary shunt fraction, and
reduced the work of breathing.
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Introduction

The risk of complications of invasive mechanical venti-
lation is related to the duration of ventilatory support
[1]. Therefore, discontining invasive mechanical ventila-
tion early is a primary goal in intensive care medicine. A
number of studies have been published investigating
predictors of weaning outcome [2±4] and successful
weaning methods [5±8]. However, the incidence of
weaning failure is still high and amounts to approxi-
mately 20 % in different studies [5, 7, 8]. A major cause
of weaning failure is acute respiratory failure due to re-
spiratory muscle fatigue or increased work of breathing
due to decreased pulmonary compliance or increased
resistance [3].

Noninvasive positive pressure ventilation (NPPV) is
a suitable approach for the treatment of patients with
acute respiratory failure [9], particularly those with
acute hypercapnic respiratory failure [10±17]. In a re-
cent study, the benefit of NPPV in weaning patients
with respiratory failure due to chronic obstructive pul-

monary disease (COPD) was demonstrated [18]. The
aim of this prospective, interventional study was to in-
vestigate the effects of two different modes of noninva-
sive positive ventilatory support in non-COPD patients
with acute respiratory failure after early extubation.
We examined the influence of NPPV on pulmonary gas
exchange, breathing pattern, intrapulmonary shunt frac-
tion, oxygen consumption, resting energy expenditure,
and, finally, weaning success.

Patients and methods

After Ethics Committee approval and written informed consent
were obtained, 15 mechanically ventilated patients were included
in the study. Demographic data for the study population are given
in Table 1.

All patients had to fulfill the following criteria of eligibility (Ta-
ble 2): mechanical ventilation via an endotracheal tube for a mini-
mum of L 72 h, an oxygen saturation of L 90% supplemented by
max. 6 l O2/min while breathing spontaneously via a T-tube at am-
bient air pressure for 5 min, an arterial O2 content (PaO2)
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Table 1 Characteristics of the study population at baseline (APACHE Acute Physiology and Chronic Health Evaluation, FVC forced vi-
tal capacity, FEV1 forced expiratory volume in IS, Lung-TX lung transplant, Liver-TX liver transplant)

Patient Diagnosisa APACHE II Age (years) Body weight
(kg)

Duration of
Ventilation (days)

FVC (l) FEV1/FVC (%)

1 Lung-TX 19 47 63 3 0.39 63
2 Lung-TX 18 34 67 6 0.45 67
3 Liver-TX 19 43 74 7 0.88 74
4 Lung-TX 20 43 78 6 0.41 69
5 Pneumonia 23 70 76 10 0.90 89
6 Lung-TX 17 40 56 8 0.58 78
7 Liver-TX 23 47 58 8 0.72 92
8 Lung-TX 18 39 71 4 0.39 78
9 Thoracic-trauma 22 65 77 7 0.83 89

10 Liver-TX 18 34 61 14 0.69 86
11 Lung-TX 20 35 55 6 0.57 79
12 Lung-TX 21 41 53 9 0.48 77
13 Peritonitis 24 63 73 10 0.85 89
14 Lung-TX 20 36 60 8 0.78 75
15 Heart failure 25 65 63 60 0.67 81

Mean ± SD 20 ± 3 47 ± 12 65 ± 8 8.00 (6/10)b 0.64 ± 0.18 79 ± 8
a Lung-TX was carried out because of fibrosis
b Median (25th/75th percentiles)

Table 2 Study design. FIO2 was set at 0.21 during all measurements

Criteria for eligibility Criteria for extubation Criteria for NPPV use Criteria for reintubation

Intubation > 72 h PaO2 L 40 mmHg PaO2 < 50 mm Hg PaO2 < 40 mm Hg

T-piece trial PaCO2 K 55 mmHg PaCO2 > 45 mm Hg PaCO2 > 55 mm Hg

O2 cont. > 12 vol. % pH L 7.32 pH < 7.35 pH < 7.32
VT L 3 ml/kg VT < 4 ml/kg VT < 3 ml/kg
RR K 40 beats/min RR > 25 beats/min RR > 40 beats/min
f/VT < 190
NIF L � 20 cmH2O



L 12 volume percent. The criteria for early extubation were mea-
sured at the end of the trial at an fractional inspired oxygen of
0.21: PaO2 L 40 mmHg, arterial carbon dioxide (PaCO2)
K 55 mmHg, pH > 7.32, respiratory rate (RR) K 40 breaths per
min, tidal volume (VT) L 3 ml/kg, rapid shallow breathing index
(f/VT) K 190 breaths per min/l, and negative inspiratory force
(NIF) L � 20 cmH2O. All patients were informed about the in-
creased risk of reintubation and instructed in detail about treat-
ment with NPPV. All patients agreed to be extubated. The patients
were monitored by means of an arterial and pulmonary artery ca-
theter (PAC) and indirect calorimetry. There were clinical indica-
tions for the use of a PAC prior to the study period. All patients
were informed about continuing PAC catheterization for study
purposes. Nonpulmonary inclusion criteria were as follows: a fully
cooperative patient, hemodynamic stability, absence of fever, no
facial anomaly to ensure proper fitting of the mask, and no history
of claustrophobia. Persistent respiratory insufficiency after extuba-
tion was diagnosed when two of the following criteria were present
30 min after extubation: PaO2 K 50 mmHg, PaCO2 L 45 mm Hg,
pH K 7.35, VT K 4 ml/kg, RR L 25 beats/min. Subsequently, the
NPPV protocol was instituted. Criteria for reintubation during
the study were a PaO2 < 40 mm Hg, PaCO2 > 55 mm Hg,
pH < 7.32, VT < 3 ml/kg, RR > 40 beats/min, endotracheal intuba-
tion needed for airway protection (coma, seizure disorders), or he-
modynamic instability. Exclusion criteria included age < 18 years,
use of catecholamines to maintain a systolic blood pressure
> 90 mm Hg or a heart rate < 60 beats/min, electrocardiographic
instability defined as evidence of ischemia or significant arrhyth-
mias, history of unstable angina or recent (< 3 months) myocardial
infarction, additional pharmacological treatment like bronchodila-
tors or steroids. Physiotherapy was withheld during the measure-
ment periods to eliminate any influence due to this physical exer-
cise.

Respirators and masks

Patients received noninvasive mechanical ventilatory support by
the same ventilator used during invasive mechanical ventilation
before: Servo 300 (Siemens, Stockholm, Sweden); 7200a (Puritan
Bennett, Carlsbad, USA); Evita I (Dräger, Lübeck, Germany);
Veolar (Hamilton, Rhäzüns, Switzerland) with heated humidifiers
(Kendall, Neustadt, Germany; Fisher and Paykel, Auckland, Zew
Zealand; Puritan Bennett, Carlsbad, USA; Dräger, Lübeck, Ger-
many). For face mask ventilation, a clear, air-sealed, full face
mask (King Systems, Indiana, USA), which was connected via a
Y-piece to the respirator, was fitted onto the patient using rubber
head straps [9]. Nose masks (Respironics, USA) were held in posi-
tion by a head cup. Initially, NPPV was applied via the face mask.

Ventilatory support

Patients were treated with two modes of NPPV starting 30 min
after extubation with continuous positive air pessure (CPAP)
5 cmH2O for 30 min followed directly by pressure support ventila-
tion (PSV) 15 cmH2O with positive end-expiratory pressure
(PEEP) 5 cmH2O for another 30 min. If study values proved bene-
ficial, PSV with PEEP for a minimum of 30 min was administered
at least six times per day. The NPPV periods were extended as
long as the patients felt comfortable. In the periods off NPPV, pa-
tients received supplemental oxygen to achieve an oxygen satura-
tion L 90% and they were allowed to take enteral fluids and light
nutrition (after a fasting period of 6 h after extubation). To mini-
mize the risk of aspiration, the patients were instructed to remove

the face mask by themselves in case of severe nausea, and initially
the head of the bed was kept elevated at a L 45� angle. Patients
were weaned from NPPV by titrating PSV down to zero above
PEEP (= CPAP) and by prolonging the periods off NPPV, based
on the patient's tolerance and respiratory conditions. NPPV was
discontinued when the following breathing values were maintained
without any ventilatory support during a 4-h period: RR < 25/min,
arterial blood gas analysis: PaO2 L 55 mmHg, PaCO2 K
45 mmHg, pH > 7.35, fractional inspired oxygen (FIO2) 0.21.
Weaning was considered successful if the patient did not need to
be reintubated.

Measurements

The following parameters such as PaO2, PaCO2, pH, VT, RR, ex-
pired minute ventilation (VE), f/VT, Qs/Qt intrapulmonary shunt
fraction, VO2 oxygen consumption, REE resting energy expendi-
ture, and hemodynamic parameters such as heart rate, mean arter-
ial pressure, cardiac index (CI), mean pulmonary arterial pressure,
and pulmonary capillary wedge pressure, and blood lactate as a
parameter for global tissue oxygenation were measured during
spontaneous breathing and during the NPPV protocol (CPAP vs
PSV). VT, RR, and VE during spontaneous breathing were mea-
sured using the Respiradyne II Plus System (self-calibrating spi-
rometer, Sherwood Medical, St. Louis, Mo., USA). During NPPV,
VT, RR, and VE were recorded continuously by the ventilators. Ar-
terial and mixed venous blood samples were obtained from the ar-
terial catheter (Vygon, Ecouen, France) and the pulmonary artery
catheter (Baxter Health Care, CA, USA), respectively, and then
analyzed by a blood gas analyzer (ABL 520, Radiometer, Copen-
hagen, Denmark). The Qs/Qt was calculated by the ABL 520 ac-
cording to a standard formula [19]. REE and VO2 were calculated
using the metabolic monitor (Deltatrac MBM-100; Datex, Helsin-
ki, Finland) as an indirekt calorimeter. A two-lead electrocardio-
gram, systemic and pulmonary artery pressures, and arterial oxy-
gen saturation (pulse oximetry) were all recorded continuously
(Sirecust 1281; Siemens, Erlangen, Germany).

After extubation all patients were initially breathing sponta-
neously at ambient air pressure. Oxygen was supplemented to
achieve an arterial oxygen saturation L 90 %. After 30 min control
measurements (FIO2 0.21) for SPB and calorimetric analysis (stea-
dy state: constant carbon dioxide consumption (VCO2)/VO2 for
15±20 min) were taken. Thereafter CPAP was applied for 30 min.
Subsequently, PSV with PEEP was administered for the same
time interval. CPAP and PSV were applied via the face mask and
kept stable (steady state: constant VCO2/VO2) for 15±20 min be-
fore further measurements were taken. Before all measurements,
the FIO2 was set to 0.21 for 5 min. After the first NPPV episode, a
second blood gas analysis was done during spontaneous breathing
(SPB1) as a second control measurement to assess the persistence
of respiratory failure without ventilatory support. However, in
3 patients with severe hypoxemia (PaO2 < 42 mmHg after extuba-
tion), the NPPV protocol was changed. These patients were first
treated with PSV, followed by CPAP. The data obtained from these
3 patients revealed the same effects as in the other 12 patients who
were treated using CPAP first.

Statistical analysis

Differences between spontaneous breathing and the various
modes of NPPV were tested using repeated measures analysis of
variance and Student-Newman-Keul's tests as post hoc tests. A
p value of < 0.05 was considered statistically significant.
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Results

Fifteen patients were included in the study (7 females).
They had required invasive mechanical ventilation via
an endotracheal tube for a median of 8 days (range
3±60 days). Four patients were on Servo 300, 4 patients
on a Puritan Bennett 7200a, 4 patients on Evita I, and 3
other patients on Veolar ventilators both during inva-
sive mechanical ventilation and during the NPPV study
period. Changes in the respiratory parameters during
the different modes of NPPV are given in Table 3.

The median duration of NPPV was 2 days (ran-
ge 1±20 days) with a mean duration of 8.5 ± 1.7 h. Four
patients were weaned from NPPV within 24 h. In 9 pa-
tients, pressure support was reduced from 15 to
10 cmH2O within the first 24 h. One patient who re-
quired NPPV for 20 days had received a lung transplant
because of cystic fibrosis with cachexia. This patient was
finally weaned successfully. None of the patients rejec-
ted NPPV. No side effects due to NPPV occurred. De-
pending on the patient's condition (sufficient oral mus-
cle tension to keep the mouth closed), nose mask venti-
lation was preferred in 6 patients. No difference was no-
ted in the effects of NPPV using either the face or the
nose mask.

Hemodynamic parameters showed no significant
changes during NPPV when compared with sponta-
neous breathing (Table 4). Two patients had to be rein-
tubated within the first 48 h (rate of successful weaning
87%). One patient developed a drug-related encepha-
lopathy resulting in impairment of vigilance and loss of
protection reflexes. The other developed acute rejection
of the transplanted lung with systemic inflammatory re-
sponse syndrome and recurrent acute respiratory fail-
ure. This patient was the only one in the study group
who died (hospital mortality).

Discussion

The results of this study demonstrate that NPPV is feasi-
ble to treat acute respiratory failure after early extuba-
tion. NPPV improves respiratory parameters such as
PaO2, PaCO2, pH, RR, VT, f/VT, Qs/Qt, VO2, and REE
with increasing ventilatory support (CPAP vs PSV; Ta-
ble 3) in non-COPD patients. Katz and Marks [20]
showed that CPAP enhances the functional residual ca-
pacity, resulting in improvements of lung mechanics
and pulmonary gas exchange and in a reduction of the
work of breathing. PSV augments the transpulmonary
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Table 3 Effects of different modes of intermittent NPPV (CPAP
vs PSV) as compared to spontaneous breathing SPB. After treat-
ment with NPPV blood gas analyses during spontaneous breathing

(SPB1) were taken again as a second control measurement. FIO2
was set at 0.21 during all measurements. Values are mean ± SD
(n.d. not determined)

SPB CPAP PSV SPB1

FIO2 0.21 0.21 0.21 0.21
PaO2 (mmHg) 46 ± 4 57 ± 5* 67 ± 6*F 49 ± 5�F

PaCO2 (mmHg) 43 ± 7 40 ± 6 37 ± 7* 42 ± 5�
pH 7.41 ± 0.06 7.43 ± 0.05 7.46 ± 0.05*F 7.42 ± 0.04�
VT (ml/kg) 4 ± 1 5 ± 1* 8 ± 2*F n.d.
RR (beats/min) 29 ± 6 23 ± 5* 20 ± 5*F 26 ± 6�
VE (l/min) 7.8 ± 2.1 8.1 ± 1.9 9.7 ± 0.9* n.d.
f/VT (min�1/l) 123 ± 37 56 ± 17* 37 ± 12*F n.d.
Qs/Qt (%) 27 ± 3 20 ± 4* 15 ± 3*F n.d.
VO2 (ml/min) 241 ± 15 204 ± 9* 187 ± 13*F n.d.
REE (kcal/day) 1658 ± 220 1454 ± 204* 1332 ± 234*F n.d.

* p < 0.05 compared with SPB; F p < 0.05 compared with CPAP; � p < 0.05 compared with PSV

Table 4 Hemodynamic variables measured during spontaneous
breathing and NPPV. Values are mean ± SD (HR heart rate, MAP
mean arterial pressure, MPAP mean pulmonary artery pres-

sure, PCWP pulmonary capillary wedge pressure, CI cardiac in-
dex, PvO2 mixed venous oxygen tension)

SPB CPAP PSV Significance

HR (min�1) 101 ± 12 98 ± 8 95 ± 8 NS
MAP (mmHg) 85 ± 13 83 ± 10 84 ± 13 NS
MPAP (mmHg) 23 ± 4 22 ± 3 21 ± 2 NS
PCWP (mmHg) 15 ± 3 14 ± 5 15 ± 5 NS
CI (l/min per m2) 3.1 ± 0.5 2.8 ± 0.4 2.9 ± 0.6 NS
Lactate (mmol/l) 1.2 ± 0.3 0.9 ± 0.5 1.1 ± 0.3 NS
PvO2 (mmHg) 35 ± 3 36 ± 3 36 ± 3 NS



pressures [13], leading to an increased VT and a de-
creased RR. The reduction in work of breathing, the
correction of respiratory acidosis, and the prevention
of hypoxemia together result in a recovery and recondi-
tioning of respiratory muscle function [21].

NPPV has been used successfully as an alternative to
endotracheal intubation in patients with acute hyper-
capnic [15, 16, 22±25] and hypoxemic [9] respiratory
failure. Nava et al. [18] have demonstrated in a multi-
center randomized trial a long-term benefit of NPPV
compared to persistent mechanical ventilation in wean-
ing patients with respiratory failure due to chronic re-
spiratory disease. Hilbert et al. [26] concluded that
NPPV may be used in COPD patients with hypercapnic
respiratory insufficiency after extubation. These au-
thors clearly showed in their prospective interventional
study beneficial effects of NPPV on pulmonary gas ex-
change, breathing pattern, Qs/Qt, VO2, and REE in
non-COPD patients after early discontinuation of inva-
sive mechanical ventilation despite continuing acute re-
spiratory failure. All parameters improved significantly
during CPAP compared to spontaneous breathing with
the exception of PaCO2 and pH. Again, the values for
PaO2, VT, f/VT, VO2, REE, Qs/Qt also significantly im-
proved using PSV compared with CPAP. These findings
are in accordance with the results of Appendini et al.
[27], who demonstrated that the combination of CPAP
and PSV provided more beneficial effects than CPAP
alone in COPD patients. According to the study of Pu-
tensen et al. [28], there was no difference in the effec-
tiveness of NPPV using either face or nose mask. How-
ever, patients seemed more comfortable using nasal
mask ventilation. As observed in other studies [10, 16],
hemodynamic variables (Table 3) did not change signifi-
cantly during NPPV. Diaz et al. [29] observed a fall in
cardiac output during NPPV with no impact on mixed
venous oxygen tension (PvO2). In our study, CI and
PvO2 remained unchanged during NPPV, whereas Qs/
Qt and VO2 declined.

The criteria for early extubation applied in this
study (VT L 3 ml/kg, RR K 40 breaths/min, f/VT K
190 min�1/l, and NIF L � 20 cmH2O) were much more
liberal than those proposed by Yang and Tobin [2]
(VT L 4 ml/kg, RR K 38 breaths/min, f/VT K 105),
Krieger et al. [4] (f/VT K 130), Esteban et al. [5]
(VT L 5 ml/kg, RR K 35 breaths/min), and Brochard
et al. [8] (RR L 35 breaths/min, NIF L � 25 cmH2O).
Consequently, it could be hypothesized that without in-
termittent NPPV in the majority of our patients extuba-
tion would have been unsuccessful. Shikora and collea-
gues [30] showed that the oxygen cost of breathing
(OCOB) ± derived from the difference in measured
VO2 during total ventilatory support and spontaneous
breathing at CPAP ± proved to be a reliable predictor
of both successful extubation and weaning failure.
They found that patients are unlikely to maintain spon-

taneous ventilation if the OCOB is elevated more than
15% above total-body VO2. In our study, NPPV re-
duced oxygen consumption by about 22% during PSV
and by approximately 15 % during CPAP compared to
spontaneous breathing.

It has been suggested that NPPV decreases pulmon-
ary ventilation-perfusion ratio [14]. In our study, the im-
plementation of increased transpulmonary pressures by
NPPV diminished intrapulmonary shunt and improved
pulmonary gas exchange. We suppose that NPPV was
able to recruit nonventilated lung units, thereby redu-
cing Qs/Qt and PvO2.

The study protocol was limited by some limitations.
First, we evaluated the respiratory effects of NPPV
(CPAP vs PSV) compared with spontaneous breathing
using each patient as his/her own control (SPB and
SPB1). A control group was not recruited because we
expected that the patients under study would not be
able to breathe without any respiratory support for a
longer period of time. In addition, we expected a high
reintubation rate in a control group treated only with
oxygen. Second, the order of CPAP followed by PSV
was not randomized. In 3 patients we started with non-
invasive PSV followed by CPAP. However, the data
from these 3 patients revealed similar effects compared
to the results obtained from patients starting with
CPAP. Third, the number of transplant recipients in our
study group is high. One of our main efforts in this pa-
tient population was to discontinue mechanical ventila-
tion as early as possible to reduce the risk of infection.

To obtain reliable data when comparing different
modes of ventilation (spontaneous breathing, CPAP,
PSV) the FIO2 was set at 0.21. This design was used,
since spontaneous breathing with an oxygen face mask
results in unpredictable variations in the FIO2 [31].
Again, any change in the ventilatory pattern will also
vary the FIO2 [32]. We presume that we did not harm
the patients because their blood lactate levels and cardi-
ac output (Table 4) remained unchanged during study.
Eldridge [33] and Lundt et al. [34] reported no signs
of tiusse hypoxia using lactate as a marker of tissue
hypoxia in patients with severe hypoxemia
(PaO2 < 40 mm Hg) as long as the cardiac output re-
mained within the normal range.

We conclude that intermittent NPPV (CPAP and
PSV) is a feasible therapeutic option in non-COPD pa-
tients with acute respiratory failure after extubation.
NPPV improves the breathing pattern, decreases Qs/
Qt, and reduces work of breathing. From these results
one could hypothesize that intermittent NPPV may al-
low earlier extubation and may reduce weaning failure
in patients after prolonged mechanical ventilation. Con-
trolled clinical trials to test this hypothesis are warran-
ted.
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