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North America Europe

NPPV in ARF ≥25%
Sedation
Analgesia
Hand restraints

37 %
41 %
48 %
27 %

68 %
24 %
35 %
16 %

P < 0.01

P < 0.01

P < 0.01

P < 0.01

ICU non-ICU
Sedation
Analgesia
Hand restraints

42 %
50 %
27 %

24 %
34 %
16 %

P < 0.01

P < 0.01

P < 0.01



invasive

noninvasive

Invasive
 
and noninvasive

mechanical ventilation are 
nonnon--competitivecompetitive, but rather

complementary 
treatment strategies

Severity of disease



Conti G. et al. Intensive Care Med 2002; 28:1701-1707

NPPV (n=23) Intubation (n=26)

pH

PaCO2

PaO2

 

/FiO2

RR

7.20

 

± 0.05

85 ±

 

16 mmHg

168 ±

 

38 mmHg

33 ±

 

2 min-1

7.20

 

± 0.05

87 ±

 

14  mmHg

171 ±

 

38 mmHg

34 ±

 

2 min-1

48% avoided intubation
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GCS ≤
 
8

 
(n=95; 69% with

 

COPD)

GCS = Glasgow Coma Scale
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NPPV
N = 20

CMV
N = 20

vs.

CMV

NPPV

P = 0.02

CMV

NPPV
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NIV Invasive
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NIV
 

(N=25)

 
Invasive (N=25)

Weaned at day 60     88%
 

68%

60-days-survival            92%
 

72%

Duration of MV                10 ±7 d
 

17 ±12 d

Duration of ICU-stay       15 ±5 d
 

24 ±14 d

Nosoc. Pneumonia          0%
 

28%

MV = Mechanical Ventilation
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NIV

NIV

Conventional

Conventional

Tracheotomy:
 

NIV:
 

5%
Conventional:

 
59%

COPD in nearly 50% of patients



Brochard L. et al. N Engl J Med 1995;333:817-822

Intubation within the first 12 hours:

• 82% in the NIV group

• 74% in the standard group
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137

Patients with

NIV success*

*NIV > 24 Std.

31 
Patients with late
NIV-failure after
primary NIV-success*

23%

Acute exacerbation of COPD
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Late NIV failure:

• lower pH at admission

• higher complication rates

• ICU-Mortality
• 92% when NIV was continued
• 53% when intubation was performed
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35%

70%

80%



50%
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…
 
at present 

long-term NIPPV cannot be recommended

for the routine treatment 

of patients with chronic respiratory failure 

due to COPD …

updated December 2009 edition of the GOLD Report

NIPPV = noninvasive intermittent positive pressure ventilation



Simonds AK. et al. Thorax 1995; 50:604-609
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Probability of continuing nasal intermittent 

positive pressure ventilation (N = 172)



Wijkstra PJ. et al. Chest 2003; 124:337-343



IPAP 
(cmH2 0)

EPAP
(cmH2 0)

Gay
 
et al. 10 2

Strumpf et al. 15 2

Meecham Jones et al. 18 2

Casanova et al. 12 4

Wijkstra PJ. et al. Chest 2003; 124:337-343

IPAP

 

= inspiratory positive airway pressure
EPAP

 

= expiratory positive airway pressure



IPAP
(cmH2

 

O)

EPAP
(cmH2

 

O)

ΔPaCO2
(mmHg)

Survival

Casanaova
et al.

12 4 NPPV: +0.4
LTOT: -0.9

No benefit
(1 year)

Clini
et al.

14 2 NPPV: -1.0
LTOT: +0.5

No benefit
(2 years)

Casanova C. et al. Chest 2000; 118:1582-1590 Clini E. et al. Eur Respir J 2002; 20:529-538

1 year follow-up 2 years follow-up

NPPV + LTOT
 
vs. LTOT alone

The

 

Italian

 

multicentre

 

study

 

on noninvasive

 

ventilation

 

in 
chronic

 

obstructive

 

pulmonary

 

disease

 

patients

E. Clini*, C. Sturani#, A. Rossi¶, S. Viaggi+, A. Corrado§

 

,C.F. Donnerƒ, N. Ambrosino**,
on behalf of the

 

Rehabilitation and Chronic

 

Care Study

 

Group, Italian

 

Association of Hospital 
Pulmonoloists

 

(AIPO)
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McEvoy
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mean
 
adherence

to NIV:
4.5 ± 3.2 hours



If the targeted physiological parameter (PaCO2

 

) 
remains unaffected by the specific treatment 
modality (long-term NPPV)…

If
 
artificial ventilation does not improve alveolar 

ventilation …

How can we expect an 
improved outcome?



Zeit (Tage)
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Windisch W. et al. Respir Med 2002; 96:572-579
Days

mmHg

NPPV (assPCV)

- mean IPAP

 
30 ±4

 

mbar

- mean bf

 
23 ±2

 

/min



Windisch W. et al. Chest 2005; 128:657-662

NPPV (assPCV)

- mean IPAP

 
28 ±6

 

mbar

- mean bf

 
21 ±3

 

/min

2-year survival: 86%

N = 34



Windisch W. et al. Int J Med Sci 2009; 6:72-76

N = 73

5-year survival: 58%



Severe Respiratory Insufficiency
Questionnaire SRI

ATS homepage:
http://www.atsqol.org/sections/instruments/pt/pages/sri.html

SRI

Summary 

Scale

SS

Respiratory
Complaints RC

Physical
Functioning PF

Attendant Symptoms
and Sleep AS

Well-Being WB

Anxieties

 

AX

Social 
Functioning

 

SF

Social 
Relationships SR

Windisch W. et al. J Clin Epidemiol 2003; 56:752-759
Windisch W. et al. Intensive Care Med 2003; 29:615-621 
Windisch W. et al. J Clin Epidemiol 2008; 61:848-853 

• German
• English
• French
• Spanish
• Dutch
• Swedish
• Norwegian
• Polish
• Greek
• Hebrew
• Japanese



Windisch W. Eur Respir J 2008; 32:1328-1336

• COPD
• Restrictive thoracic diseases
• Obesity-

Hypoventilations-Syndrome
• Neuromuscular disorders
• Miscellaneous

N = 137
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Changes in SRI-SS
independent from the underlying disease 
MANOVA; F=0,62; P=0,65.

P < 0.001   COPD

P < 0.001   neuromuscular
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Dreher

 

M. et al. Thorax 2010, 65:303-308 

Low-intensity
14.6 ± 0.8

4.0 ± 0

8.0 ± 0

2.2 ± 0.8

High-intensity
28.6 ± 1.9

4.5 ± 0.7

17.5 ± 2.1

2.2 ± 0.8

IPAP [cmH2

 

0]

EPAP [cmH2

 

0]

Breathing frequ. [min-1]

Oxygen [L* min-1]

Insp. volume

 

(pneumotachygraph):

Mean treatment effect: 325 mL

95%CI [159 , 492 mL]; P=0.002

Exp. volume

 

(pneumotachygraph):

Mean treatment effect: 96 mL

95%CI [23 , 169 mL]; P=0.015

Leak volume

 

(pneumotachygraph):

Mean treatment effect: 226 mL

95%CI [28 , 425 mL]; P=0.030



Primary outcome:Nocturnal

 

PaCO2

Mean treatment effect: -9.2 mmHg

95%CI [-13.7 , -4.6 mmHg]; P<0.001

No period effect: P=0.96

No carry over effect: P=0.87

Compliance

 

(daily use):                

Mean treatment effect: 3.6 hours

95%CI [0.6 , 6.7 hours]; P=0.024

Low-
intensity

High-
intensity

Dyspnea (BDS)

QoL

 

(SRI-SS)

FEV1

 

(L)

+
+
+

Dreher

 

M. et al. Thorax 2010, 65:303-308 



Pneumologie 2010, 64:207-240

www.pneumologie.de
www.uni-duesseldorf.de/AWMF

www.heimbeatmung.de

Pneumologie 2010, 64: 640-652



Windisch W. et al. Pneumologie 2010; 64:640-652

History of acute
respiratory failure

Chronic
respiratory failure



The question is not:

„Is chronic noninvasive ventilation 

indicated in patients with COPD?”

The questions are:

„What is the best technique
 
of NPPV for 

COPD and what are best indications
 
?”



Tobin MJ. et al. Chest 2008; 133:1071-1074

“Clinical practice, however,

involves primarily 

phronesis (practical wisdom): 

a customized decision

for one particular patient”



How far can we go

with Non-Invasive Ventilation?

“Clinical practice, however, involves primarily 
phronesis (practical wisdom): 

a customized decision for one particular patient”
Tobin MJ. et al. Chest 2008; 133:1071-1074

Consider:

• Clear evidence for acute exacerbation of COPD (pH 7.20 -7.35)

• Severe respir. failure: feasible, but don‘t delay intubation

• Staff training/expertise

• Benefits/problems of RCTs

• ICU –
 
and then? 

• Long-term high-intensity non-invasive ventilation?




