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Editorial

Non-Invasive Mechanical Ventilation and the Prognosis in Chronic Obstructive 
Pulmonary Diseaseq

Ventilación mecánica no invasiva y pronóstico de la enfermedad pulmonar obstructiva crónica
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Non-invasive ventilation (NIV) is a first-line treatment for severe 

exacerbation of chronic obstructive pulmonary disease (COPD), 

especially when presented with hypercapnic respiratory failure 

and respiratory acidosis and the patient does not improve with 

conventional treatment of the exacerbation. This indication is 

reflected in the current standards for diagnosis and treatment of 

this disease developed by the Spanish Society of Pneumology and 

Thoracic Surgery and the Latin American Thoracic Association. 1 In 

these patients, clinical studies show a 50-60 % reduction in the risk 

of treatment failure, the need for tracheal intubation and mortality 

during exacerbation when treated with NIV. 2

The alterations in ventilatory mechanics, muscle function and gas 

exchange that occur during severe exacerbation of COPD have been 

extensively investigated. 3-5 Critical airflow limitation, the subsequent 

dynamic pulmonary hyperinflation and decreased inspiratory 

capacity seem to be the most immediate deleterious events. This 

leads to an increase in respiratory rate and central ventilatory 

stimulus, deterioration in gas exchange with increased dead space, 

neuromechanical uncoupling and deterioration of the cardiovascular 

function with an increase in pulmonary arterial pressure, decreased 

right ventricular preload and increased left ventricular afterload.

The increase in pulmonary volume due to dynamic pulmonary 

hyperinflation and the trapping of air leads to flattening of the 

diaphragm, with shortening of the respiratory muscle fibres 

and decreased lung compliance. In addition, intrinsic positive 

end-expiratory pressure (PEEPi) appears. All this results in an 

increased respiratory effort and a decreased effective muscle power 

in the ventilatory pump. In response to this imbalance between 

the load and the respiratory muscle capacity, patients develop a 

rapid and shallow breathing pattern as a protection mechanism 

against respiratory muscle fatigue, leading to a deterioration in the 

hypercapnia and the appearance of respiratory acidosis. Acidosis 

compromises respiratory musculature even further. 6

In COPD exacerbations, arterial pH is the best indicator of severity 

and translates into an acute deterioration in alveolar hypoventilation 

compared with the stable phase situation. 5,7 Regardless of the 

chronic PaCO2 values, an acute increase in PaCO2 due to worsening 

alveolar hypoventilation is associated with a decrease in arterial 

pH. In patients hospitalised for COPD exacerbation, mortality 

is associated with, among other factors, a low pH (with arterial 

pH < 7.26 associated with a particularly poor prognosis) whereas 

hypoxemia and hypercapnia tend not to be very different between 

survivors and non-survivors. 8 Similarly, several studies on NIV 

have found that a low arterial pH is an important predictor of the 

need for intubation and of hospital mortality. 2 All this information 

supports the concept that it is not the absolute level of PaCO2 what is 

important, but rather the magnitude and speed of its changes, which 

is reflected in arterial pH. It is estimated that respiratory acidosis 

may be present in approximately 20 % of all hospital admissions for 

COPD exacerbations. 9

NIV can partially reverse most of the previously described 

anomalies by unburdening the respiratory muscles and improving 

gas exchange. The use of external PEEP can help overcome some of 

the burden imposed on the respiratory muscles and thus reduce 

the pressure required to overcome PEEPi and initiate inspiration 

or trigger the ventilator. 10 Adding inspiratory pressure support 

further unburdens the respiratory muscles by reducing the excess 

in the elastic component of respiratory muscle work due to dynamic 

pulmonary hyperinflation, which increases the circulating volume 

and the minute ventilation and improves gas exchange in these 

patients. 10

The use of NIV in patients with COPD exacerbations and 

hypercapnic respiratory failures corrects the rapid and shallow 

respiratory pattern, increases overall the ventilation-perfusion 

indexes due to the combination of increased minute ventilation 

and decreased pulmonary perfusion without major changes in the 

pulmonary ventilation perfusion ratio. 11 These mechanisms lead to 

an increase in PaO2 and arterial pH and a decrease in PaCO2.
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The most obvious benefits of using NIV in patients with acute 

respiratory failure (ARF) are seen in those with severe exacerbations 

of COPD. 2 A consistent finding is that patients who benefit from NIV 

are those with an intermediate severity of respiratory failure that is 

not severe enough to need life support measures such as tracheal 

intubation and invasive mechanical ventilation but serious enough 

that oxygen therapy is not sufficient. This concept has been termed 

the “window of opportunity”. Theoretically, a patient with COPD 

exacerbation can progress from a less severe clinical situation to a 

more serious one. In a less severe situation, oxygen therapy together 

with the specific treatment of the exacerbation will be sufficient to 

overcome the episode. When the exacerbation has progressed, life 

support measures may be necessary such as intubation and invasive 

mechanical ventilation. However, when the severity is intermediate, 

NIV may be the best option for managing ARF. The duration of 

this period can be quite variable between different patients, but 

it seems that the development of respiratory acidosis is the most 

characteristic piece of clinical information and best defines the 

“window of opportunity” for using NIV in COPD exacerbations.

As was the conclusion of a systematic review and meta-analysis 

of published randomised clinical studies, NIV shows beneficial 

effects as first-line intervention for managing ARF along with 

standard medical treatment in patients with hypercapnic respiratory 

failure and respiratory acidosis. 2 This review also emphasises that 

NIV should be initiated early in the evolution of respiratory failure 

before patients develop severe acidosis with the goal of reducing the 

probability for tracheal intubation, treatment failure and mortality.

In contrast to the abundance of clinical studies and systematic 

reviews that document the effectiveness of NIV in severe exacerbations 

of COPD, studies that evaluate the subsequent evolution of these 

patients once the exacerbation has been overcome are scarce. In an issue 

of Archivos de Bronconeumología (Archives of Bronchopulmonology), 

Echave-Sustaeta et al. analysed the prognosis of patients following a 

severe exacerbation of COPD who were treated with NIV. 12 The authors 

established a study to determine the rates of readmissions and mortality 

in these patients during the year following hospital discharge and to 

analyse the factors associated with both outcomes. For this study, they 

analysed a cohort of 93 patients that survived a COPD exacerbation that 

required NIV and who were monitored after discharge from hospital. 

They measured the need for hospitalisation for respiratory reasons and 

the survival rate and they analysed the possible factors associated with 

these events by means of a multivariate analysis.

This study showed that in the year following discharge 66 % of 

the patients required rehospitalisation. The multivariate analysis 

showed that a poorer functional respiratory state, as assessed by 

a low forced expiratory volume in the first second of the forced 

spirometry manoeuvre (FEV1), and a high average length of stay in 

the hospital were independently associated with an increased risk 

of rehospitalisation. Also, the study showed a 69.5 % survival rate 

after one year. In the multivariate analysis, age, the PaCO2 level prior 

to initiating NIV and the number of days in hospital in the year 

prior to the exacerbation were the factors that were independently 

associated with an increased risk of mortality. The authors concluded 

that this group of patients with COPD presented a high mortality and 

need for rehospitalisation in the year following the discharge. They 

also suggest that the variables related to the severity of COPD and of 

the actual exacerbation are associated with these events and could 

be used to apply specific monitoring programmes in this subset of 

patients.

An earlier study analysed the evolution in the year following 

hospital discharge for a group of 15 patients with COPD exacerbation 

who had required NIV, comparing them with another group of 

15 patients that had only received medical treatment. 13 Despite the 

similarity in both groups in the complications, hospital stay and 

mortality during the hospital stay, the patients who received NIV had 

a more pronounced improvement in arterial blood gases during their 

hospital stay, as well as a better evolution of respiratory function 

parameters, lower rates of readmission and a higher survival during 

the following year.

Another study compared a group of 24 patients who received 

NIV for severe exacerbation of COPD with another historical control 

group treated conventionally. 14 As in the previous study, despite 

similar mortality rates during hospital admission, arterial blood 

gases improved faster during the hospital stay in patients treated 

with NIV, coupled with a lower rate and duration of hospitalisations 

for exacerbation and higher survival during the following year. 

Both studies show a long-term protective effect from NIV beyond 

the short-term beneficial effects during the exacerbation. 13,14 The 

long-term prognosis of the patients in these studies was variable. 

While one study that included patients with minimum respiratory 

acidosis obtained a high survival rate at one year, 13 another study with 

patients with a higher level of respiratory acidosis showed a lower 

survival rate, 14 a finding similar to a study done by Echave-Sustaeta 

et al. 12

This study had some limitations, as stated by the authors, 12 mainly 

in terms of the small number of patients studied, which limited 

the inclusion of certain variables that have been associated with 

COPD prognosis, such as the body mass index and dyspnea. Another 

limitation was that comorbidity was measured only by the Charlson 

index.

The long-term prognosis of patients admitted for severe 

exacerbations of COPD with hypercapnic respiratory failure was 

studied in a series of more than 1000 patients. 15 This study was 

conducted before the use of NIV in COPD exacerbations was 

generalised, which leads us to believe that the proportion of these 

patients who received NIV during their hospital admission was 

low. Nevertheless, the survival at one year as well as the hospital 

readmission rates for these patients was similar to the study by 

Echave-Sustaeta et al., 12 taking into account the mortality during 

hospitalisation and the subsequent follow-up period. As in this 

study, the survival time of the patients was independently related 

to the severity of the disease, age, and the functional state prior to 

admission. 15 However, this study also identified the following factors 

that were independently associated with worse survival: low body 

mass index, low levels of albumin, increased arterial hypoxemia 

on admission and the presence of congestive heart failure and cor 

pulmonale.

Another factor that may have contributed to the long-term 

prognosis in the Echave-Sustaeta et al. study 12 was the use of home 

NIV in a significant subset of the patients. The authors indicated 

home NIV in the majority of cases based on the tolerance to 

disconnection of the NIV, the PaCO2 level, the number and severity 

of previous admissions for COPD exacerbation, especially previous 

episodes of respiratory acidosis, the presence of hypoventilation 

induced by oxygen therapy, documentation of associated nocturnal 

hypoventilation, as well as symptoms associated with hypercapnia. 12 

In fact, as observed in this work, patients who received home NIV 

had higher functional respiratory deterioration and needed NIV three 

times longer during hospitalisation, which suggests a subpopulation 

with a more evolved disease. However, the influence of home NIV 

in the long-term prognosis is uncertain, as indicated by clinical 

studies. 16

The identification of variables related to hospital readmission 

observed in these studies 12-14 allows us to identify a subset of patients 

that deserve special attention. These patients may be the object of 

specific monitoring programmes for reducing the number and severity 

of exacerbations and thereby improve the functional prognosis and 

cost associated with these readmissions. Additionally, the factors 

associated with mortality identified in these studies 12,15 also allows 

us to identify subsets of patients in whom the interventions should 

include the improvement of the nutritional state and the avoidance 

or delay of developing cardiovascular complications. 17
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