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Abstract
Background: The purpose of this prospective study was to assess the efficacy and likelihood of failure of non-invasive positive
pressure ventilation (NPPV) by means of arterial blood gas analysis (ABG) in patients with exacerbation of chronic obstructive
pulmonary disease (COPD) which could predict the need for endotracheal intubation to be instituted at the earliest.
Methods: Risk stratification of NPPV failure was assessed in 50 patients admitted at Chest Disease Hospital in Goa Medical
College Hospital units, including intensive care units, NPPV was used in all patients with pH between 7.20 and 7.35 at admission.
ABG was done on patients come with COPD exacerbation (at admission, after 1 h, and after 6 h of NPPV). The outcome variable
was defined as failure of NPPV due to invasive ventilation or death. The aim was to predict the risk of failure using ABG at the
earliest to decide whether or not to intubate.
Results: Clear differences were found between the patients who succeeded and those who failed, with respect to the predictor
variables observed at admission and after 1 h of NPPV. After 1 h and 6 h of NPPV, the main factor influencing the outcome
was the pH value: If pH <7.25, the odds ratio (OR) for failure is 21.02 (P < 0.0001), whereas if pH after 1 h is between 7.25 and
7.30, the OR is 2.92 (P < 0.005). Chi-square test value for our study population is χ2 = 5.43 and the P < 0.05 and the response
obtained with non-invasive ventilation is not by chance.
Conclusions: pH seems to be a very important variable in predicting failure of NPPV, the current authors evaluated that pH
<7.25 after 1 h and 6 h of NPPV in a patient admitted with COPD exacerbation predict the failure risk with 100% specificity.
Key words: Intubation, Non-invasive, Pulmonary disease, Respiratory failure, Ventilation

INTRODUCTION
Non-invasive positive pressure ventilation (NPPV),
in patients with exacerbations of chronic obstructive
pulmonary disease (COPD) and respiratory acidosis, reduces
the intubation rate and mortality.1-9 Operated by well-trained
teams, NPPV is effective and safe in both intensive care
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settings10 and general respiratory wards.8 A randomized,
clinical trial showed that NPPV also reduces mortality in
COPD patients in the intensive care unit (ICU) within
the inclusion criteria for intubation.6 Nevertheless, two
recent consensus guidelines on NPPV in acute respiratory
failure (ARF) recommend that NPPV should not be used
as a substitute for endotracheal intubation and invasive
ventilation when the latter is clearly more appropriate.11,12
The likelihood of failure of NPPV is crucial in deciding if
and when to apply this ventilator technique.
The purpose of the current study was to assess the risk
of NPPV failure at the earliest with the help of arterial
blood gas (ABG) alone and to build a risk chart of failure
of NPPV to be used in hospitals.
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METHODS
The study was conducted from period of September
2008 to September 2011. The data were collected
from 50 patients affected by COPD exacerbation and
respiratory acidosis with pH between 7.20 and 7.35
that were treated by NPPV in addition to standard
medical therapy (oxygen supplementation, systemic
corticosteroids, inhaled bronchodilators, antibiotics,
and diuretics if needed). These patients were admitted
to general wards and ICUs where NPPV is the first-line
intervention for such patients. The admission criteria for
different units were based on the need for an appropriate
level of care, but the personnel in each unit were welltrained in the use of NPPV. ABG was done on patients
come with COPD exacerbation (at admission, after 1 h,
and after 6 h of NPPV). The outcome variable was
defined as both success group where patients improved
and discharged after NPPV and failure group where
patients end up invasive ventilation or death.
The units used NPPV Respironics bi-level positive
airway pressure (BiPAP®)|pro 2 via face and/or nasal
mask. Every patient who satisfied the criteria with
hypercapnic respiratory failure and respiratory acidosis
due to exacerbation of COPD was included in the current
observational study received NPPV at admission. The
definition of COPD exacerbation was in accordance with
that of the American Thoracic Society. NPPV failure was
defined as the need for endotracheal intubation.
The study used strict inclusion and exclusion criteria to
reduce the influence of external factors (Table 1).
Pre-determined Criteria for Endotracheal Intubation Included

1. Worsening of pH and carbon dioxide tension in
arterial blood (PaCO2) in spite of correct NPPV
administration (e.g. pH ↓0.04 and PaCO2 ↑0.8 kPa,
6 mmHg)
2. The need to protect the airways (coma or seizure
disorders) or to manage copious secretions
3. Hemodynamic instability (heart rate, 50 beats/min
with loss of alertness, and/or systolic blood pressure,
70 mmHg)
4. Agitation and inability to tolerate the mask.
The following Data were Collected for Every Patient

1. General demographic information (age, sex, weight,
and height) and clinical data
2. Data relative to the institution of NPPV, including
cause of exacerbation, ABGs (before beginning NPPV,
after 1 h, at 6 h, and at discharge), respiratory rate (RR),
cardiac frequency, length of stay in hospital, and total
hours of ventilation.
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Table 1: Inclusion and exclusion criteria
Inclusion criteria
Known case of COPD with supportive or high probability of disease
(based on clinical history, smoking history, physical examination,
and chest radiography) with Type II respiratory failure
RR >25 breaths/min
Respiratory acidosis with
pH between 7.20 and 7.35
PCO2 >45 mmHg but <75 mmHg
Use of accessory muscles or abdominal paradox
Hemodynamically stable, functional GIT, normal bulbar, and having
spontaneous respiratory drive
Exclusion criteria
Patient with PCO2 of >74 mmHg and severe acidosis of pH <7.20
Recent upper airway or GIT surgery
Fixed upper airway obstruction
Facial trauma
Severe cardiac disease New York Heart Association IV. (Unstable
angina, severe cardiac arrhythmias)
Disorders of basal brain nerves/derangement in swallowing or
persistent vomiting
Local derangement of face/skin/tongue/upper airway/larynx
Impaired consciousness (GCS <8)
Pneumothorax without ICT
Hemodynamic instability with BP<90 mmHg
HR <60 beats/min
Bronchorrhea (copious secretions)
Pneumonia and other illness which will influence the invasive
ventilator requirement
HR: Heart rate, BP: Blood pressure, GCS: Glasgow coma scale, ICT: Insertion of a
chest tube, GIT: Gastrointestinal tract, COPD: Chronic obstructive pulmonary disease

Variable Definition and Statistical Analysis

The outcome variable was defined as failure of NPPV due
to invasive ventilation or death. Three charts of failure
risk were built from the final predictive models obtained
using logistic regression; they refer to the proportion
predicted to fail with NPPV treatment at admission, 1 h
and after 6 h of NPPV. The aim was to predict the risk
of failure using ABG at the earliest to decide whether or
not to intubate.

RESULTS
A total of 50 patients were recruited and were treated
with NPPV for the management of ARF due to COPD
exacerbation (Table 2).
NPPV was performed successfully in 46 patients (92%)
until the normalization of ABGs. Among the 4 (8%)
patients who failed, 2 (4%) patients were intubated and
2 (2%) died without intubation due to a previous “do-notintubate” order. Among the 2 intubated patients, 1 patient
successfully completed the treatment and 1 patient died.
Successful patients had better values of PaCO2, pH, RR,
and oxygen arterial tension after 1 h of NPPV compared
with patients who failed to improve.
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Comparison of ABG Analysis between Success and Failure
Group

Comparison of ABG analysis for pH, PCO2, and SaO2
were done at baseline, after 1 h and 6 h of BIPAP between
success and failure group (Table 3 and Graph 1).
The variables measured that were found to significantly
increase the probability of NPPV failure were pH, 7.25
(odds ratio [OR] 51.97, P = 0.05), PCO2 (P = 0.05)
SaO2, and RR. After 1 h and 6 h of NPPV, the main
factor influencing the outcome was the pH value: If pH
<7.25 the OR for failure is 21.02 (P = 0.0001), whereas
if pH after 1 h is between 7.25 and 7.30, the OR is 2.92
(P = 0.005).
Chi-square test value for our study population is χ2 = 5.43
and the P < 0.05 and the response obtained with noninvasive ventilation (NIV) is not by chance. There
is a significant association between use of NIV and
Table 2: Main demographic characteristics at the
start of NPPV
Age

Total number

Percentage

24
21
5

48
42
10

51-60
61-70
>70

Table 3: ABG data
Variable

Success group

Failure group

7.28
55
84

7.28
57
82

NS
NS
NS

7.32
48
88

7.24
58
78

S
S
S

7.39
40
91

7.26
58
80

S
S
S

Before BIPAP
pH
PCO2
SaO2
After 1 h
pH
PCO2
SaO2
After 6 h
pH
PCO2
SaO2

Significance

BIPAP: Bi-level positive airway pressure, ABG: Arterial blood gas

7.39

7.4
7.35

7.24

7.25

7.26

Success Group
Failure Group

7.2
7.15

Before BIPAP

Repeated measures ANOVA test by Greenhouse-Geisser
method was used to analyze the data. P < 0.05 was taken
as statistically significant. Changes occurred in pH, PCO2,
and SaO2 at 1 h and 6 h after starting the BIPAP had been
compared with the same parameters before initiation of
BIPAP. The change in pH and PCO2 after 1 h of starting
the NPPV determines the failure risk of NPPV treatment
and guides the further course of management.

DISCUSSION
The author used the data to assess the risk of NPPV failure
using at admission, 1 h and after 6 h of ventilation. These
values could be used to determine the possibility of failure
or success of NPPV in patients with acute decompensate
COPD and to help the clinical decision-making process.
In particular, given that the Gold Initiative for Chronic
Obstructive Lung Disease guidelines suggested an initial
trial of NPPV for most patients anyway, the decision to
continue or not continue with NPPV can be greatly helped
by ABG values obtained after 1 h and 6 h of NIV.13-20
The mortality rate in the current study is better than
observed in the most quoted controlled trials on NPPV
in carefully selected patients with acute exacerbation of
COPD.1-3,5 Data from a multicenter study performed
in British respiratory general wards showed that if pH
and/or PaCO2 improved after 1-4 h, successful NPPV
was probable.
Clear differences were found between the patients who
succeeded and those who failed, with respect to the
predictor variables observed at admission and after 1 h of
treatment.21-24 In particular, after 1 h of NPPV, the main
factor influencing the outcome was the pH value. Since pH
seems to be a very important variable in predicting failure
of NPPV and there is much discussion about which is the
correct cut off to choose, the current authors evaluated
that pH <7.25 after 1 h and 6 h predict the failure risk with
100% specificity.25-27

CONCLUSION

7.28 7.28

pH

7.3

7.32

improvement of the patient with COPD in exacerbation
with Type II respiratory failure.

After 1 hour
After 6 hours
Hours of NIV used

Graph 1: pH comparison
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The efficacy of NPPV in acute exacerbation of COPD
is well-documented that international guidelines 28
recommends it as the first choice treatment of ARF with
respiratory acidosis. Nevertheless, given that NPPV is
used in a variety of care settings, it may be important to
know the likelihood of failure of NPPV by means of
readily available simple investigation like ABG in patients
50
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with exacerbation of COPD could predict the need for
endotracheal intubation to be instituted at the earliest.
Thus, the authors think they could greatly help the decision
on clinical management of the patient. Using the ABG
alone, it is possible to predict “a priori” the probability
of NPPV failure and reduce the useless and prolonged
use of NPPV in patients with respiratory acidosis due to
COPD exacerbation.

REFERENCES
1.

Bott J, Carroll MP, Conway JH, Keilty SE, Ward EM, Brown AM, et al.
Randomised controlled trial of nasal ventilation in acute ventilatory failure
due to chronic obstructive airways disease. Lancet 1993;341:1555-7.
Brochard L, Mancebo J, Wysocki M, Lofaso F, Conti G, Rauss A, et al.
Noninvasive ventilation for acute exacerbations of chronic obstructive
pulmonary disease. N Engl J Med 1995;333:817-22.
Kramer N, Meyer TJ, Meharg J, Cece RD, Hill NS. Randomized, prospective
trial of noninvasive positive pressure ventilation in acute respiratory failure.
Am J Respir Crit Care Med 1995;151:1799-806.
Celikel T, Sungur M, Ceyhan B, Karakurt S. Comparison of noninvasive
positive pressure ventilation with standard medical therapy in hypercapnic
acute respiratory failure. Chest 1998;114:1636-42.
Plant PK, Owen JL, Elliott MW. Early use of non-invasive ventilation for
acute exacerbations of chronic obstructive pulmonary disease on general
respiratory wards: A multicentre randomised controlled trial. Lancet
2000;355:1931-5.
Conti G, Antonelli M, Navalesi P, Rocco M, Bufi M, Spadetta G, et al.
Noninvasive vs. conventional mechanical ventilation in patients with
chronic obstructive pulmonary disease after failure of medical treatment in
the ward: A randomized trial. Intensive Care Med 2002;28:1701-7.
Peter JV, Moran JL, Phillips-Hughes J, Warn D. Noninvasive ventilation
in acute respiratory failure – A meta-analysis update. Crit Care Med
2002;30:555-62.
Lightowler JV, Wedzicha JA, Elliott MW, Ram FS. Non-invasive positive
pressure ventilation to treat respiratory failure resulting from exacerbations
of chronic obstructive pulmonary disease: Cochrane systematic review and
meta-analysis. BMJ 2003;326:185.
Plant PK, Owen JL, Elliott MW. Non-invasive ventilation in acute
exacerbations of chronic obstructive pulmonary disease: Long term survival
and predictors of in-hospital outcome. Thorax 2001;56:708-12.
Carlucci A, Richard JC, Wysocki M, Lepage E, Brochard L. Noninvasive
versus conventional mechanical ventilation. An epidemiologic survey. Am
J Respir Crit Care Med 2001;163:874-80.
Organized jointly by the American Thoracic Society, the European
Respiratory Society, the European Society of Intensive Care Medicine, and
the Société de Réanimation de Langue Française, and approved by ATS

2.
3.
4.
5.

6.

7.
8.

9.
10.
11.

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

22.

23.

24.
25.
26.
27.
28.

Board of Directors, December 2000. International Consensus Conferences
in Intensive Care Medicine: Noninvasive positive pressure ventilation in
acute Respiratory failure. Am J Respir Crit Care Med 2001;163:283-91.
British Thoracic Society Standards of Care Committee. Non-invasive
ventilation in acute respiratory failure. Thorax 2002;57:192-211.
Ambrosino N, Foglio K, Rubini F, Clini E, Nava S, Vitacca M. Non-invasive
mechanical ventilation in acute respiratory failure due to chronic obstructive
pulmonary disease: Correlates for success. Thorax 1995;50:755‑7.
Soo Hoo GW, Santiago S, Williams AJ. Nasal mechanical ventilation for
hypercapnic respiratory failure in chronic obstructive pulmonary disease:
Determinants of success and failure. Crit Care Med 1994;22:1253-61.
Antón A, Güell R, Gómez J, Serrano J, Castellano A, Carrasco JL, et al.
Predicting the result of noninvasive ventilation in severe acute exacerbations
of patients with chronic airflow limitation. Chest 2000;117:828-33.
Concato J, Shah N, Horwitz RI. Randomized, controlled trials,
observational studies, and the hierarchy of research designs. N Engl J Med
2000;342:1887-92.
Confalonieri M, Gorini M, Ambrosino N, Mollica C, Corrado A. Respiratory
intensive care units in Italy: Anational census and prospective cohort study.
Thorax 2001;56:373-8.
American Thoracic Society. Standards for the diagnosis and care of patients
with chronic obstructive pulmonarydisease. Am J Respir Crit Care Med
1995;152:S77-121.
Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: A severity
of disease. Classification system. Crit Care Med 1985;13:818-29.
Teasdale G, Jennett B. Assessment of coma and impaired consciousness.
A practical scale. Lancet 1974;2:81-4.
Marchioli R, Avanzini F, Barzi F, Chieffo C, Di Castelnuovo A,
Franzosi MG, et al. Assessment of absolute risk of death after myocardial
infarction by use of multiple-risk-factor assessment equations: GISSIPrevenzione mortality risk chart. Eur Heart J 2001;22:2085-103.
Wood D, De Backer G, Faergeman O, Graham I, Mancia G, Pyorala K, et al.
Prevention of coronary heart disease in clinical practice. Recommendations
of the Second Joint Task Force of European and Other Societies on
Coronary Prevention. Eur Heart J 1998;19:1434-503.
Pyorala K, De Backer G, Graham I, Poole Wilson P, Wood D; On Behalf
of the Task Force. Prevention of coronary heart disease in clinical practice.
Recommendations of the Task Force of the European Society of Cardiology,
European Atherosclerosis Society and European Society of Hypertension.
Eur Heart J 1994;15:1300-31.
Anderson KM, Wilson PW, Odell PM, Kannel WB. An updated coronary risk
profile. A statement for health professionals. Circulation 1991;83:356‑62.
Conroy RM, Pyörälä K, Fitzgerald AP, Sans S, Menotti A, De Backer G,
et al. Estimation of ten-year risk of fatal cardiovascular disease in Europe:
The SCORE project. Eur Heart J 2003;24:987-1003.
Justice AC, Covinsky KE, Berlin JA. Assessing the generalizability of
prognostic information. Ann Intern Med 1999;130:515-24.
Hanley JA, McNeil BJ. The meaning and use of the area under a receiver
operating characteristic (ROC) curve. Radiology 1982;143:29-36.
National Heart, Lung and Blood Institute/World Health Organization
Report. Global Initiative for Chronic Obstructive Lung Disease; 2001. NIH
Publication No. 2701. p. 91-2.

How to cite this article: Murugan R, Mesquita AM, Fernandes L, Rodrigues M, Verenker S. Predicting Efficacy and Failure Risk of NonInvasive Positive Pressure Ventilation in Chronic Obstructive Pulmonary Disease Exacerbation through Arterial Blood Gas Analysis. Int J
Sci Stud 2015;3(4):48-51.
Source of Support: Nil, Conflict of Interest: None declared.

51

International Journal of Scientific Study | July 2015 | Vol 3 | Issue 4

