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Abstract Objective." To evaluate 
the short- and long-term prognosis 
of patients with chronic obstructive 
lung disease (COLD) who had non- 
invasive mechanical ventilation 
(NMV) for acute respiratory failure 
(ARF). 
Design." Retrospective study. 
Setting." Two respiratory intermedi- 
ate intensive care units. 
Patients." Two groups of patients 
suffering from COLD and an ARF 
episode requiring mechanical venti- 
lation. Group 1 (30 patients) was 
given NM V using face masks (aged 
64 __ 9 years; pH = 7.28 __ 0.05; 
PaCO2 = 83 + 18 mmHg; PaO2/ 
FIOz = 141 _+ 61). Group 2 (27 pa- 
tients) was composed of control 
patients (aged = 65 +_ 8 years; 
pH = 7.26 _ 0.05; PaCO2 = 
75 +_ 17 mmHg; PaO2/FIO2 = 
167 _+ 41) given MV using endo- 
tracheal intubation (EI) when clin- 
ical and functional conditions had 
further deteriorated because the 
medical therapy failed and NMV 
was not available at the time. 
Causes of ARF were in group 1 and 
2 respectively: pneumonia in 
8 (27%) and 11 (41%), acute exacer- 
bation of COLD in 19 (63%) and 14 
(52%) and pulmonary embolism in 
3 (10%) and 2 (7%) patients. 
Measurements and results." Success 
rate, mortality during stay in ICU 

(at 3 months and at 1 year), and the 
need for rehospitalization during 
the year following ARF were meas- 
ured in this study. Group 1 showed 
a success rate of 74%, only 8/30 
patients needing EI and conven- 
tional MV, In group 2, the weaning 
success was 74% (20/27 patients). 
The mortality for group 1 was 20% 
in IICU, 23% at 3 months and 30% 
at 1 year; and 26% for group 2 in 
ICU, 48% at 3 months and 63% at 
1 year. Within each group 1-year 
mortality was greater (p < 0.01) in 
patients with pneumonia. The num- 
ber of new ICU admissions during 
the follow-up at 1 year was 0.12 
versus 0.30 in groups 1 and 2 re- 
spectively (p < 0.05). 
Conclusion: For patients suffering 
from COLD who have undergone 
ARF, avoiding EI by early treat- 
ment with NMV is associated with 
better survival in comparison to 
patients bound to invasive MV. 
Pneumonia as a cause of ARF may 
worsen the prognosis in both 
groups of patients. 
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Introduction 

Acute respiratory failure (ARF) is a common and fre- 
quently fatal complication in patients with chronic 
obstructive lung disease (COLD) often requiring mech- 
anical ventilation (MV) [1]. The immediate recovery 
rate varies from about 60% to more than 90% [2-18], 
and the long-term survival is quite low [7, 9, 15]. Corre- 
lates of short- and long-term outcome remain unclear. 
The age of the patient, the severity of COLD before the 
acute episode, and the duration of ventilator assistance 
may affect the outcome of these patients [7]. Among 
the causes of ARF in these patients, pneumonia gener- 
ally worsens the outcome [3-5, 18, 19]. MV through 
endotracheal intubation (EI) or tracheostomy is asso- 
ciated with several complications, and there is an in- 
creasing incidence of ventilator-associated pneumonia 
[6,20]. The recent development of non-invasive 
methods of ventilation has led to an effort to avoid the 
complications of invasive MV during episodes of ARF 
and, at the same time, to ensure a similar degree of 
efficacy [21-25]. 

Corrado et al. [26] suggested that the long-term 
survival of COLD patients with ARF who were non- 
invasively ventilated with intermittent negative pres- 
sure ventilation by means of an iron lung was better 
than that reported in the literature for invasively ven- 
tilated patients. To our knowledge, no data have yet 
been published on the long-term outcome in non-invas- 
ire mechanical ventilation (NMV) delivered with posit- 
ive pressure by face or nasal mask. The need for studies 
comparing NMV and MV via EI has recently been 
advocated by Tobin [27]. Therefore, the aims of this 
study were: first, to determine the short- and long-term 
(1 year) prognosis of COLD patients with ARF treated 
by early NMV, and second, to compare this prognosis 
with that of patients in whom EI was necessary because 
of further deterioration in spite of medical therapy, 
when NMV was not available. 

Methods 

Patients 

We retrospectively studied 57 COLD patients, as defined according 
to ATS criteria [28], with chronic respiratory insufficiency and who  
had been treated in our institutions. The two departments (Montes- 
cano and Gussago) are both part of the same Research Institution 
(Clinica del Lavoro Foundation, Pavia). Doctors and nurses work 
interchangeably in both hospitals, and the medical guidelines are 
common to both; therefore, treatment was identical for the entire 
patient population. 

The patients under study were all hypoxemic, hypercapnic and 
on long-term oxygen therapy. Each had undergone exacerbations of 
the disease and required MV. MV was instituted when patients 
showed rapid deterioration in neurological status (Glasgow Coma 
Scale <9) [29], acute onset of severe hypercapnia (PaCO 2 > 
65 mmHg), acute decrease in pH ( < 7.34), tachypnoea, and/or ab- 
dominal paradox. 

Patients were divided into two groups according to the non- 
invasive MV (group 1:30 patients; 21 male; ages 64_+ 9 years) or 
invasive MV (group 2 : 2 7  patients; 18 male; ages 65_+8 years) 
approach. 

Patients in group 1 were admitted to our intermediate intensive 
care units (IICUs) where they were submitted to NMV with either 
pressure support (NPSV: 18 patients) or intermittent positive pres- 
sure ventilation in assist/control mode (NIPPV: 12 patients) by 
means of a face mask (Crystalcone, Harol, UK) as previously de- 
scribed [24]. NMV was considered successful when patients reached 
levels of pH>7.35  in spontaneous breathing without further 
worsening in neurological signs and with improvement in signs of 
respiratory muscle distress [30] for at least 48 h. Unsuccessful ther- 
apy was defined as either the need of EI according to the judgment of 
the physicians in charge or the occurrence of death during NMV. 

Group 2 was composed of control patients who had undergone 
EI and conventional MV. These patients were chosen from those 
who, in the 2 years preceding the I ICU institution in our hospitals, 
had been treated with standard medical therapy because NMV was 
not available at the time. In spite of medical therapy, the clinical and 
physiological status of these patients worsened (inability to maintain 
a pH > 7.26 on oxygen therapy able to obtain a SaO z > 90% [31] ), 
and they were transferred to an ICU functionally linked to our 
institutions and mechanically ventilated through EI. In both groups, 
MV was added to standard i.v. medical therapy (aminophylline, 
steroids, B 2 agonists, antibiotics when required) and 0 2 therapy. 

Patients with coexisting medical conditions such as uncontrolled 
coronary heart disease, malignancies, any other condition that 
might influence long-term prognosis, or patients who were enclosed 
in a home mechanical ventilation program during the year following 
the ARF episode were excluded. 

Measurements 

We reviewed the following clinical and functional data at the begin- 
ning of the acute episode requiring MV: success rate and duration of 
MV, ICU and intrahospital deaths, 3 and 12 month follow-up for 
survival and hospitalization needs (ICU and respiratory depart- 
ments, respectively). The last data of spirometry and blood gas 
analysis were available before ARF episodes were recorded when the 
patients were in stable state. The first data of lung function were also 
recorded in a clinically stable state after the ARF episode. Clinical 
stability was defined as stable hemodynamics, no change in medical 
and oxygen therapy, and no history of exacerbation in the 3 weeks 
previous to the measurement. 

Dynamic lung volumes were evaluated by means of a water 
spirometer (Biomedin, Padova, Italy) with the patient in a sitting 
position. The predicted values were based on Quanjer [32]. An 
automated analyzer (Radiometer ABL 500, Copenhagen, Denmark) 
was used to measure arterial blood gases (ABG) from radial artery. 

The causes of exacerbations were recorded in the hospital regis- 
ters and defined for this study as follows. First pneumonia, as 
defined by the presence of lung infiltrates on chest radiography, 
combined with any three from the list of fever, positive blood 
cultures, leukocytosis, or potential pathogenic bacterial cultures 
from sputa. The second was exacerbation of COLD: excessive dys- 
pnoea and/or bronchial hypersecretion associated with no obvious 
cause for respiratory deterioration (in particular, absence of lung 
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Table 1 Last functional stable- 
state characteristics before 
exacerbation 

Group  1 
(n = 30) 

Group 2 
(n = 27) 

pH P a O J F I O  2 PaCO 2 FVC FEV1 
(mmHg) (% pred) (% pred) 

7.36 _• 0.02 233 • 75 55 __ 4 36 • 19 25 _+ 14 

7.39 • 0.04 290 • 67 51 __ 14 45 • 19 27 _+ 12 

infiltrates on chest radiography). The third cause of exacerbation 
was pulmonary embolism when confirmed by perfusion lung scan. 
Information on hospitalization and survival were obtained by inter- 
views with caregivers or with ICU physicians during hospital visits 
to our outpatient division. 

Statistical analysis 

Baseline data of the two groups were compared using an unpaired 
t-test. To evaluate the main factors influencing survival, the patients 
were divided according to ventilation modalities (invasive vs non- 
invasive) and presence of pneumonia. All patients were compared for 
success rate using: a %~ Fisher test to assess different mortaIity 
between the two groups, and a survival-stratified analysis divided all 
patients for the presence or absence of pneumonia. The rate of 
survivors across groups with presence and absence of lung infiltrates 
was calculated. The contribution of each stratum was first calculated 
and then combined to form the overall test statistic. A p-value 
< 0.05 was considered statistically significant. 

Results 

The last stable-state functional characteristics before 
the ARF episode of all patients under study are shown 
in Table 1. There were no significant differences be- 
tween the two groups with respect to severity of the 
underlying disease. The causes of ARF requiring MV 
were acute exacerbations of  COLD without signs of 
lung infiltrates: 19 (63%) and 14 (52%) in groups 1 
and 2, respectively; pneumonia: 8 (27%) and 11 (41%); 
pulmonary embolism: 3 (10%) and 2 (7%). These differ- 
ences were not significant. 

The functional characteristics of the two groupS 
at the beginning of the acute episode are shown in 
Table 2. At the moment of EI, 50-65 min after ARF, the 
ABGs of patients in group 2 had further deteriorated as 
assessed by a mean pH of 7.23_+ 0.06 and a mean 
PaCO2 of 92 + 15 mmHg. 

Success and survival 

Patients in group 1 showed a success rate of 74% 
(22/30), [62% (5/8) with pneumonia and 77% (17/22) 
without lung infiltrates] avoiding EI and conventional 

Table 2 Baseline anthropometric and functional characteristics 

Baseline 

Group 1 P Group  2 
(n = 30) (n = 27) 

Age 64 _ 9 NS 65 • 8 

pH 7.28 +_ 0.05 NS 7.26 • 0.05 

PaCO 2 (mmHg) 83 4- 18 NS 75 _+ 17 

PaO2/FIO z 141 • 61 NS 167 • 41 
Respiratory rate 33 • 8 NS 32 • 6 

(act/rain) 

MV. The duration of NMV in group 1 was 2.6 +_ 2 days 
(range: 4-11 days) in comparison to MV performed 
with EI, which lasted 19 _+_ 10 days (range: 2-84 days). 
Patients in group 1 remained in our ICUs for 10 _+ 8 
days; patients in group 2 remained in the ICU for 
24 +_ 12 days. The actuarial survival curves of the two 
groups are shown in Fig. 1. The IICU and ICU death 
rate was 20% (6 patients) and 26% (7 patients) for 
groups 1 and 2, respectively. Of the eight patients in 
group 1 in whom NMV had failed, two patients with 
pulmonary embolism died during NMV, four died after 
EI and MV (three due to MOFS, one due to sepsis), 
and two were successfully weaned from MV (one with 
a long-term tracheostomy) and were alive after a 1-year 
follow-up. One was not weaned and was discharged 
with home nocturnal MV by tracheostomy. Tracheos- 
tomy was performed in 6% of the patients in group 1. 

All patients in group 2 surviving to ICU (20/27 
patients: 74%) were successfully weaned [-5 (18.5%) 
with long-term tracheostomy]. In all cases, tracheos- 
tomy had been performed due to prolonged EI, none 
being removed. Four patients in group 2 died in the 
ICU due to MOFs, two patients died due to pulmonary 
embolism and one patient died of sepsis. 

Three months after ARF, 7 patients (23 %) in group 
1 and 14 patients (48%) in group 2 had died; after 12 
months, the percentage of death was 30% (9 patients) 
and 63% (18 patients) in groups 1 and 2, respectively 
(Fig. 1). The differences in mortality in ICU or IICU 
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(P < 0.03), at 3 months (P < 0.03) and for the overall 
follow-up period were found to be statistically signifi- 
cant (P < 0.005). Causes of death in the follow-up were 
as follows: nine MOFs  (one in group 1 and eight in 
group 2), two sudden deaths (in group 2), one ARF due 
to tracheostomy cannula obstruction (in group 2), one 
gastrointestinal bleeding (in group 1) and one acute 
heart failure (in group 1). 

Comparison of lung function tests between the 
stable state before ARF and after the ARF episode was 
available for 16/24 survivors in group 1 and in 19/20 
survivors in group 2. A decrease of > 20% in FEV1 
when compared to pre-ARF was observed in 12/19 
(63%) in patients of group 2, but only in 1/16(6%) 
patients in group 1. 

Invasive MV [] 
% Surviving Non-invasive MV N 

100 

75 

' I 

50 

25 

0 
Baseline ICU 3 Months 1 Year 

DISCHARGE 

Fig. 1 Survival of patients according to modality of ventilation 

Readmissions 

The number of post-discharge admissions into ICU 
following mechanical ventilation during the same fol- 
low-up period was 3 out of the 24 (0.12 patient/year) 
survivors in group 1 and 6 out of the 20 (0.30 pa- 
tient/year) survivors of group 2 (P < 0.05). The number 
of patients requiring admission to a respiratory depart- 
ment for acute exacerbations was 26 (1.08 patient/year) 
and 21 (1.05 patient/year), respectively (NS). 

Lung infiltrates 

Pneumonia as a cause of ARF was found in 19 out of 57 
(33%) patients. No significant difference was found in 
either ICU admissions or in the 3-month mortality of 
all patients with or without pneumonia, but the overall 
1-year mortality was greater (P<0.03)  in patients 
showing lung infiltrates (Fig. 2, top). 

A total of 22 patients in group 1 without pneumo- 
nia showed a significantly greater 1-year survival 
in comparison to 16 patients in group 2 without 
lung infiltrates (P<0.01)  (Fig. 2, bottom). Eight 
patients in group 1 with pneumonia showed a signifi- 
cantly greater 1-year survival in comparison to 11 
patients in group 2 with pneumonia (P < 0.01) (Fig. 2, 
bottom). 

Fig. 2 Effect of lung infiltrates 
on survival in all patients in 
study (top) and according to 
modality of ventilation (bottom) 
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Discussion 

This retrospective study has shown that in comparison 
to COLD patients given EI and invasive MV for ARF, 
patients avoiding severe deterioration in acidosis and 
EI by means of NMV have less immediate, short- (3 
months), long-term (12 months) mortality rates. Pneu- 
monia as a cause of ARF seems to worsen the outcome 
of both groups. 

The severity of functional impairment of our 
COLD patients was evaluated in this study from the 
last stable-state lung function tests performed before 
ARF. The parameters recorded showed that the 
two groups were comparable in both incidences of 
severe airway obstruction and ABG showing that the 
patients in both groups were chronically hypoxemic 
and hypercapnic. 

Our patients undergoing NMV showed a success 
rate (excluding death and EI) of 74%. This confirms 
results from previous studies [-21-25, 33, 34]. A review 
of the literature from 1989 to 1993 shows that NMV in 
ARF episodes of COLD was 60-87% successful, the 
severity of ARF as assessed by PaCO2 and pH being 
widely different among the different populations under 
study [21-25, 33, 34]. 

Our patients undergoing EI and MV showed 
a weaning success of 74%, a value similar to that 
reported by Menzies et al. [--7]. Weaning success in 
COLD patients requiring MV for more than 21 days is 
reported to be 55% [35]. However, a comparison of 
these studies is difficult due to differences in disease 
severity, time and MV modalities. 

The duration of NMV was less than MV through 
EI. Our data confirm those of Brochard et al. [21] 
who tested the usefulness of NPSV via a face mask to 
improve the course of acute exacerbations of COLD in 
a group of patients when compared with controls who 
had undergone EI. The need for ventilatory assistance 
was 3 • 1 and 12 _+ 11 days for the group treated with 
the non-invasive approach and EI, respectively. Pa- 
tients in their study remained in the ICU for 7 • 3 vs 
19 • 12 days for NMV and EI, respectively. Fernandez 
et al. [23] showed an ICU stay of 5 • 2 days versus 
17.3 • 8.4 days for NPPV and El, respectively. 

The ICU mortality for COLD patients on MV has 
been reported to be from 22% to 54%. Data on IICU 
mortality of our study confirm other studies on NMV 
(21-25, 33, 34). 

Fernandez et al. [23] showed a 6-month mortality 
of 8.3% in COLD patients. To our knowledge, the 
present study is the first to evaluate 1-year survival of 
COLD patients submitted to NMV by face mask for 
ARF. Our patients showed a 1-year mortality of 30% 

in comparison to 63% of our controls in group 2. The 
worse long-term prognosis in this selected population 
for whom standard medical therapy failed only sug- 
gests that performing NMV at an early stage of acute 
exacerbation may avoid worsening of ARF with the 
subsequent need of El. What role avoiding a more 
severe ABG plays in the greater survival at 1 year in 
group 1, and what is to be ascribed to avoiding invasive 
MV and related complications, remains to be eluci- 
dated. It is noteworthy, however, that acidosis shown 
by the patients in group 2 at the moment of EI were not 
more severe than usual for patients who are commonly 
intubated in the ICU, and no more than 1 hour lapsed 
between the beginning of the episode and the need for 
EI. Furthermore, the patients in our study were compa- 
rable with regard to age, PaCO2 and PaO2/FIO2 at the 
beginning of the acute episode. The patients were com- 
parable also with regard to the severity of their under- 
lying respiratory disease as assessed by similar values of 
FEV~ measured in a stable state before ARF. 

A decrease in FEV~ > 20% in comparison to pre 
ARF was observed in 63% of the patients in group 2, 
but only in 25% of the patients of group 1. Thus, the 
hypothesis that conventional mechanical ventilation 
might produce some degree of lung injury increasing 
the progression of lung function deterioration may be 
possible. An alternative speculative explanation may be 
the possible avoidance of MV in patients with a 
previous EI. This was not confirmed in this study. In 
group 1, one-third (33%) of the patients and in group 
2,4/11 (36%) of the patients had died at 1-year. 

Corrado et al. [-26] showed that the in-hospital 
mortality of their patients treated by means of an iron 
lung was 11% and the hospital stay was 11.7 • 7.5 
days. A total of 84% of the patients had relapses ARF 
during the following 5 years; the overall survival rate 
during the first year was 82%. Their patients showed 
a mean stable FEV~ of 30 • 11% of the predicted rate, 
our patients a mean stable FEV1 of 25 -t- 14% of the 
predicted rate. Patients of Corrado et al. [-26] made 
monthly visits to the hospital while our patients were 
sometimes followed up as outpatients. This fact, rather 
than the difference in modality of ventilation (mask 
ventilation vs iron lung) might explain the better 
1-year survival of Corrado's patients, underlying 
the usefulness of a regular program of ambulatory 
control. 

ARF causes were not different between the two 
groups and the better survival rate cannot be ascribed. 
Furthermore, 1-year mortality between the two groups 
was still significantly different when patients were 
divided according to the presence of lung infiltrates as 
the cause of ARF (Fig. 2). 
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The most common conditions leading to ARF in 
COLD are generally associated with some evidence of 
bronchial and sometimes parenchymal infection. The 
other most common causes are pulmonary embolism, 
a particularly difficult diagnosis in these patients, and 
left ventricular failure [36]. In our patients, the causes 
of ARF were considered to be pneumonia, acute ex- 
acerbations of COLD and pulmonary embolism. In 
a recent study, Rieves et al. [-5] found pneumonia to be 
the cause of ARF in 42% of COLD patients under- 
going EI. ARF was due to exacerbations (55%) and 
bronchopneumonia (40%) in COLD patients treated 
by Corrado et al. [26]. Nosocomial pneumonia is the 
second-most frequent cause of hospital-acquired infec- 
tions, accounting for 15-18% of all nosocomial infec- 
tions [--37,38]. COLD patients are at great risk of 
developing nosocomial pneumonia and ventilator- 
associated pneumonia [19]. The occurrence of 
nosocomial pneumonia requiring admission to an ICU 
is associated with an increased risk of fatalities [-39-41]. 

In our study, the overall 1-year mortality was 
greater in patients with pneumonia in both groups, but 
the reasons for this are not clear. Pneumonia might 
have influenced the outcome; alternatively, it might 
have been the effect of a more severe underlying condi- 
tion. In comparison with patients without pneumonia 
these patients showed a lower body weight (54 __ 11 vs 
63 _+ 18 kg), a greater long-term use of steroids (68% vs 
45% of patients) and more new hospital admissions 
during the follow-up (90% vs 75% of patients). 

Limitations of the study 

Historical comparison of two different patient popula- 
tions must be interpreted with caution. Owing to ethi- 

cal considerations, it is difficult to propose a prospec- 
tive randomized controlled study of NMV versus EI. 
The non-invasive approach should be initiated at an 
early stage of the disease more as a preventive measure 
to avoid El rather than as a safe and certain means of 
delivering full ventilatory support [42]. For this reason, 
it could appear difficult to compare ICU mortality and 
follow-up in two different groups of patients who ex- 
perienced EI or who did not. The historical group was 
treated within a period of time close to that of the 
NMV group, and we are quite confident that medical 
therapy was not at all different. 

The retrospective analysis of data may be criticized, 
as it prevents further collection of information espe- 
cially regarding the circumstances of the follow-up (e.g., 
readmission, ICU, functional deterioration data that 
are not available for all patients). Nevertheless, a retro- 
spective study gives information on a "real" setting of 
operations in a IICU. 

In conclusion, our study shows that patients with 
chronic obstructive lung disease who have undergone 
early non-invasive mechanical ventilation for acute 
respiratory failure, thereby avoiding endotracheal 
intubation, have a better survival in comparison to 
patients bound to endotracheal intubation because of 
further clinical deterioration. Pneumonia as a cause of 
A R F  may worsen the prognosis in both groups of 
patients. 
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