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INTRODUCTION

Chronic obstructive pulmonary disease is a relatively new 
entity in the field of medicine introduced in 19651 and is de-
fined as a preventable and treatable disease with some sig-
nificant extrapulmonary effects contributing to the severity 
in patients. The pulmonary component of the entity is dis-
tinguished by the irreversible and progressive limitation in 
airflow. This airflow inhibition is consociated with an abnor-

mal inflammatory response of the lung to noxious particles 
or gases.2 Main etiological factor is smoking.2  

Several measurements are performed for COPD where 
most reliable is vital capacity either forced (FVC) or not 
forced (VC), or forced in one second Forced Expiratory 
Volume 1 (FEV1). A further spirometry measurement un-
dergoing a renaissance is the inspiratory capacity (IC) i.e. 
the maximum volume of air that can be inspired from the 
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end of quiet expiration [functional residual capacity (FRC) 
to total lung capacity (TLC)].3 Lung volumes, in the ma-
jority of patients, do not provide much additional informa-
tion.4 COPD is not a stable disease. Patients can experience 
a sudden deterioration in their breathing, so-called “Acute 
Exacerbation of COPD” is an event in the natural course 
of disease characterised by a change in patient’s baseline 
dyspnoea, cough, and/or sputum that is beyond normal 
day-to-day variations is acute in onset and may warrant 
a change in regular medication in COPD.2 The treatment 
includes oxygen, bronchodilating agents, steroids, antibi-
otics, mucolytic agents, non-invasive and invasive ventila-
tion, and in ICU care.5 

Prevalence of COPD in the world is between 4 and 10 %.6 

Airflow limitation explains less than 10-25 % of the impact 
on the patient’s quality of life.7 Female smokers are more 
susceptible to smoke8 and show an accelerated decline in 
FEV1.9 Nutritional status of patients admitted to hospital 
with AECOPD is important for long-term prognosis. Low 
body mass index (BMI) is a marker of poor prognosis 38 and 
has an impact on long-term survival after the hospital.10 Pa-
tients with low BMI are more difficult to wean from ventila-
tor support compared to patients with normal weight.11 Also, 
weight gain is a predictor of longer survival.12

Not all smokers develop COPD. It is believed to result 
from gene-environment interaction. Severe hereditary defi-
ciency of alfa1-antitrypsin can lead to COPD.2 At present, 
192 COPD related genes are known, however, specific gene 
relation remain poorly understood FEV1 is used to define 
and stage COPD. However, the predictive value of FEV1 for 
mortality is weak when it is higher than 50 % of predicted 
value.13,14

Other systems have been developed that assess respiratory 
and systemic expressions of COPD to categorise and predict 
outcome including

•	 BODE index (BMI, Degree of airflow Obstruction, 
Dyspnoea and Exercise capacity).

•	 ADO index (Age, Dyspnoea, Obstruction).15

•	 DOSE index (Dyspnoea, Obstruction, Smoking status, 
and Exacerbation frequency).16

These indices can predict mortality, health status, hospital ad-
missions, exacerbations and respiratory failure.15 In 2006, it 
was stated that there are no reliable biomarkers for COPD.17 
However, elevated CRP, fibrinogen and leukocyte count can 
predict exacerbation in stable cases. Serum myeloperoxidase 
is related to a rapid decline in lung function.18 

Pathophysiology of COPD affects several structures in lung 
involving airways, parenchyma and pulmonary vascula-
ture. Four anatomic lesions predominate; emphysema, small 
airway remodelling, vascular remodelling associated with 
pulmonary hypertension, and excessive large airway mu-

cus secretion (chronic bronchitis). Inhaled smoke leads to 
disruption of epithelial layer in airways leading to inflam-
mation.19 Affected airways cannot repair this damage. The 
clear function is reduced leading to impaired mucus clear-
ance. Epithelial layer in airways is irritated by chronic in-
flammation leading to a persistent cough. Blood vessels in 
lungs are also affected leading to a thicker intimal layer. In 
later stages, there is reduced gas exchange and a larger dead 
space. This also affects elastic properties of the lung result-
ing in decreased elastic recoil and a change in chest wall me-
chanics to provide sufficient lung ventilation.2 Air exchange 
occurs at higher lung volumes leading to an increase in chest 
size and FVC 1. A decline in FEV1 is closely related to the 
progress of emphysema, and the dynamic collapse of central 
airways is related to this reduction in FEV1. These changes 
contribute to three main symptoms of COPD; breathlessness, 
cough, and sputum production.19 

COPD pathophysiology is also described in terms of a patho-
genic triad of oxidative stress, protease-antiprotease imbal-
ance, and inflammation which is believed to be influenced 
by genes and environmental factors.20 

Pharmacologic therapy is used to prevent and control COPD 
symptoms, reduce the frequency and severity of exacerba-
tions, improve health status and exercise tolerance. None of 
the existing medication has shown to modify long-term de-
cline in lung function. Long term oxygen therapy for patients 
with hypoxia at rest increases survival time.2 Drug therapy 
includes bronchodilators (long-acting ß-2stimulators, an-
ticholinergics and methylxanthines) and inhalation of gluco-
corticosteroids infrequent exacerbations, though long term 
use should be avoided.

NIV is now used as first-line treatment in AECOPD and is 
indicated in moderate to severe dyspnoea with use of acces-
sory muscles and paradoxical abdominal motion, moderate 
to severe acidosis (pH < 7.35) and/or hypercapnia (PaCO2, 
>6.0 kPa, >45 mm Hg), respiratory rate > 25 breaths/min. 
Indications for invasive ventilation are intolerance to NIV/ 
NIV failure, severe dyspnoea, respiratory rate >35 breaths/
min, life-threatening hypoxaemia, severe acidosis (pH 
<7.25) and/or hypercapnia (PaCO2 >8.0 kPa, >60 mm Hg), 
respiratory arrest, worsening of mental status despite optimal 
therapy, cardiovascular complications (hypotension, shock). 
NIV failure is often considered as the need for endotracheal 
intubation or death without endotracheal intubation.21 

Prognosis of advanced COPD is very difficult to predict 126. 
Planning of ICU is important as it reduces stress, anxiety and 
depression. The in-hospital mortality rate in patients where 
ICU treatment is denied/ withdrawn is very high, between 
80.3 to 95.4 %. Heterogeneity makes mortality prediction 
difficult. Health-related quality of life is an important predic-
tor of survival.22 Clinicians differ markedly in their decisions 
to admit and use of a type of ventilation in their prediction 
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of survival of identical patients.23 With AECOPD admitted 
to ICU, premorbid variables have not shown to be predic-
tive for intermediate survival. These include age; functional 
capacity; quality-of-life; male sex; oral steroids; spirometry; 
previous hospital or ICU admissions; body, BMI; smoking 
status; and long-term oxygen therapy. In milder COPD, car-
diovascular diseases as an added comorbidity are more com-
mon causes of death than respiratory failure.24

The present prospective clinical trial was undertaken to in-
vestigate, in ICU admitted COPD patients, mortality rate, 
health-related quality of life and how the decision is made 
whether to use invasive or non-invasive ventilation of newly 
admitted COPD patient in need of ventilatory support.

MATERIALS AND METHODS

The present prospective clinical trial was undertaken at De-
partment of Pulmonary Medicine, Sri Shankaracharya In-
stitute of medical sciences and included 70 patients which 
were decided to be admitted in ICU for COPD/ AECOPD, 
in October 2019 and November 2019. The mean age of pa-
tients was 68 years with an age range of 57 years to 78 years. 
Out of 70 included patients, only 2 were females. Patients 
<30 years of age were excluded to minimize the inclusion 
of misclassified asthma. Also, patients with an associated 
medical history and systemic diseases such as diabetes, hy-
pertension, and renal diseases were excluded to judge ap-
propriate mortality rate. Ethical clearance was obtained from 
the Institutional Ethical Committee and informed consent 
was obtained from patients or attendants (in case the patient 
was not in a condition to give consent). Eligible patients had 
received mechanical ventilation ad ICU stay for more than 
24  hours. Doctors, nurses and assistant nurses in ICU an-
swered a questionnaire about factors having a possible influ-
ence on the decision to use immediate invasive ventilation in 
AECOPD patients. Patients were also analysed according to 
their health-related quality of life at the time of discharge, 3 
months and 6 months after discharge from the ICU. The re-
sults were compared to HRQL of two reference groups from 
the general population, an age- and sex-adjusted reference 
population, and a reference group with COPD. Information 
regarding death was obtained from the ICU personnel.

Following measurements were recorded:

•	 Admissions in the ICU for patients with COPD
•	 Age in years
•	 Crude mortality risk within 90 days after admission to 

ICU
•	 Discharge time
•	 Gender: Female/ Male
•	 Length of stay on the ICU. Hours, days
•	 Vital status. Alive/ Dead
•	 Acute respiratory failure assessed as PaCO2 > 7 kPa 

or PaO2/ FiO2 < 26.7 kPa
•	 Arterial PaCO2. kPa
•	 Arterial PaO2. kPa
•	 Arterial PaO2/FiO2 ratio. kPa
•	 Arterial acid-base balance. pH
•	 Body Mass Index. Weight in kilos/ (length in metres) ²
•	 Mode of ventilation: Non-invasive/ Invasive ventila-

tion
•	 Time with invasive ventilation. Hours
•	 Time with non-invasive ventilation (NIV) Hours
•	 Length of stay, ICU. Days
•	 NIV failure rate. Intubation after initiation of NIV.
•	 Respiratory rate. Breaths per minute.

A questionnaire given to ICU personnel was based on a few 
items, it was based on what was relevant when choosing be-
tween non-invasive ventilation and invasive ventilation. The 
instructions to the respondents were as follows: to what ex-
tent is the decision to intubate the patient immediately after 
arrival on the ICU influenced by the following statements 
and were graded as

1.	 No or little significance.
2.	 Quite important.
3.	 Of great importance.
4.	 Most important.

The questionnaire was based on following parameters at the 
time of ICU admission which could affect the mode of venti-
lation and were separately solved by In-charge Doctor, Nurse 
and assistant nurse in ICU

§	 Severe dyspnoea 
§	 Severe cough
§	 Copious secretions 
§	 Doctor  in- charge of the patient in the ICU
§	 Nurse in charge  
§	 Assistant nurse  in charge 
§	 Gender
§	 Age 
§	 Restlessness.
§	 State of consciousness 
§	 Bodyweight: Thin, Normal weight, Obese
§	 Respiratory rate 
§	 pH value in the arterial blood gas analysis 
§	 PaCO2 value in the arterial blood gas analysis
§	 PaO2 value in the arterial blood gas analysis 
§	 Base excess value in the arterial blood gas analysis 
§	 Standard bicarbonate value in the arterial blood gas 

analysis 
§	 Patient’s activities of daily living before being admit-

ted to the ICU 
§	 The patient can inhale the nebulised medication 
§	 Fever 
§	 Elevated CRP 
§	 Result of the patient’s latest spirometry 
§	 Personnel knowledge about current COPD guidelines
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Also, Health-related quality of life (HRQL) was assessed I 
term of following variables I accordance with Short Form 36 
Health Survey (SF-36).

The SF-3625 was developed to investigate generic health 
concepts not specific to any age, disease or treatment group. 
It investigates physical, social and emotional functioning it 
has 36 questions and generates a health profile of eight sub-
scale scores: 

•	 Physical functioning (PF).
•	 Role limitations due to physical problems (RP).
•	 Bodily pain (BP).
•	 General health (GH).
•	 Vitality (VT).
•	 Social functioning (SF).
•	 Role limitations due to emotional problems (RE).
•	 Mental health (MH).

The scores on all sub-scales are transformed to a scale from 
0 (worst score) to 100 (best score).

There are also two summary measures:
•	 Physical Component Summary Measure (PCS) con-

sisting of values from PF (10 items); RP (4 items); BP 
(2 items); and GH (5 items).

•	 Mental Component Summary Measure (MCS) con-
sisting of values from: VT (4 items); SF (2 items); RE 
(3 items); and MH (5 items).

The patient also answers two questions:
a.	 Compared to one year ago how would you rate your 

general health now?
b.	 In general, would you say your health is excellent, 

very good, good, fair or poor?

The collected data were statistically analysed

RESULTS
A total number of 70 patients that were admitted to ICU 
from Department of Pulmonary Medicine, Sri Shankracha-
rya Institute of Medical Sciences due to COPD/ AECOPD 
I the month of October 2019 were included in this prospec-
tive clinical trial. Out of the included 70 patients, 68 were 
males and only two were females (Figure 1), the difference 
in gender variable was seen due to less prevalence of smok-
ing among females in India. The mean age of patients was 68 
years. The characteristics of patients are depicted in (Table 1: 
Demographic Characteristics of the study Patients).

Figure 1: Gender Distribution.

Table 1: Demographic Characteristics of the Study Pa-
tients

Characteristics COPD Patients 
(n=70)

1. Age (mean) 68 years

2. Gender

  a. Male 68

  b. Female 2

3. Body mass index, kg.m-2 (<18.5) 48

4. Symptoms of anxiety at baseline 66

5. Symptoms of depression at baseline 28

6. Time since COPD diagnosis, months 
(range)

9-240 

7. Regular general practitioner visits 10

8. Regular pulmonologist visits 48

In this study, 70 COPD patients admitted to ICUs in the insti-
tute were stratified according to the mode of ventilation. Out 
of these, nine patients (12.85 %) were intubated and inva-
sively ventilated and 61 patients (87.14%) began with non-
invasive ventilation. NIV failed in 7 patients (11.47 %). The 
mortality was high for both the groups, with a 6 months sur-
vival of 55.56% in the NIV group and 22.22% in the invasive 
ventilation group (Table 2 Ventilation and Mortality of study 
subjects in ICU) (Graph 1). Non-invasive ventilation was as-
sociated with increased survival, whereas increased age was 
associated with decreased survival. The mortality in the NIV 
fail group was not significantly different from survival in the 
invasive ventilation group. 

Table 2: Ventilation and Mortality of study subjects 
in ICU 
S. No Parameter Percentage

1. Ventilation

  a. Non Invasive Ventilation 77.14% (n= 54)

  b. Invasive Ventilation 22.85% (n= 16)

2. Mortality (6 months post-discharge)

  a. Non Invasive Ventilation 44.44% 
(n=24)

  b. Invasive Ventilation 75% (n=12)

Graph 1: Ventilation and Mortality in ICU.
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Thereafter a questionnaire was given to ICU personnel with 
different professions (doctors, nurses and assistant nurses) in 
the ICU to study the relative importance of various factors 
that possibly influence the decision to use invasive ventila-
tion immediately. The two groups did not differ in arterial 
blood gases, acid-base status or respiratory rate. The NIV 
group was significantly younger and had a lower BMI than 
patients that were intubated immediately. BMI was the only 
variable remaining associated with increased risk for intuba-
tion. The usage of NIV was not correlated to the presence 
of acidosis. Eighty-one cent of the patients with pH<7.35 
were treated with NIV, and 78 % of the patients with severe 
acidosis pH<7.25 received NIV. Non-patient-related factors 
including a physician in charge, presence of guidelines, ICU 
workload were also deemed important for the decision to in-
tubate immediately. There were small differences between 
professions in the ranking of the five most important factors 
in the questionnaire.

Table 3: Factors affecting Mode of Ventilation in ICU
Factors High Weight 

By Pulmo-
nologists

High Weight By 
ICU Nurses

BMI + +

pH < 7.35 + +

severe dyspnoea - +

cough - -

ICU workload - -

Age - -

Restlessness - +

State of consciousness + +

Previous ICU history + -

Ability to inhale the 
nebulised medication

+ +

History of Corticosteroid 
Treatment

+ -

Fever - -

Spirometry Results + +

Elevated CRP + +

Personnel Knowledge 
about COPD Guidelines

+ +

Health-related quality of life (HRQL) in COPD patients 
treated on the ICU was also evaluated. Their results were 
compared to the HRQL of two other groups, a reference 
group with COPD (COPD-reference), and reference group 
without COPD from the general population (Non-COPD ref-
erence). HRQL was measured using the short form 36 Health 
Survey (SF- 36) questionnaires.

HRQL in the COPD-ICU group was always markedly lower 
compared to the Non-COPD reference group from the gen-

eral population. In COPD-ICU patients where a complete 
follow-up was done, changes in HRQL over time were mi-
nor and did not decline further during 3 to 6 months after 
discharge. The SF-36 results in the COPD-ICU group were 
not statistically different from the COPD reference group. 
Patients that died during the study had a poorer HRQL. PF 
and SF scores were lower in this group of patients as com-
pared to the other two references. HRQL in COPD patients 6 
months after discharge from the ICU was quite similar to that 
of COPD patients not treated on the ICU.

DISCUSSION

Chronic obstructive pulmonary disease (COPD) is the fourth 
leading cause of mortality in the world and the US. COPD 
is a progressive disease and is associated with increased 
frequency and severity of exacerbations. Clinical manifes-
tations of acute exacerbations are highly variable ranging 
from being a mild event requiring only outpatient treatment 
to being a life-threatening episode needing mechanical ven-
tilatory support. 

Mechanical ventilation, either invasive or non-invasive, is 
a life-saving measure in managing acute respiratory failure 
due to an acute exacerbation of COPD. However mechanical 
ventilation can be associated with significant morbidity and 
mortality. A good understanding of the underlying patho-
physiologic mechanisms in acute exacerbation of COPD is 
very important in optimizing ventilatory strategies. 

In one large multicenter cohort of patients admitted to 42 in-
tensive care units across the US the frequency of mechanical 
ventilation was 47%.26 This study was by the present study 
where all the patients among study population required me-
chanical ventilatory support.

In many cases of acute respiratory failure due to COPD, NIV 
can give the same benefits as the standard intubation and me-
chanical ventilation without the complications that are usu-
ally associated with the latter. As a result, patients treated 
with NIV have shorter stay, lower morbidity and incur lesser 
costs in a study. A Cochrane Database systematic review by 
Ram et al in 2004 concluded that NIV improved mortality, 
decreased the need for intubation and reduced the treatment 
failures has also been suggested in the present study where 
81.74 % patients started with NIV and 67.57% survival rate 
was seen at the end of 6 months follow up.

In a previous study in literature, among all the ICU admis-
sions in 2013, 8.53% ICU admissions were due to COPD.27 
This was in agreement with the present trial where the all the 
patients required Intensive care, ICU admission is attributed 
to reducing the risk of developing COPD and its exacerba-
tion, the control of disease severity, including the control of 
risk factors such as smoking and exposure to air pollution 
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and occupational dust. ICU admission for severe life-threat-
ening diseases such as COPD is beneficial in terms of as-
signing the better medical resources and treatment planning. 
Also in another study by Crisafulli E et al in 2018, it was 
concluded that severe AECOPD patients requiring hospi-
talization. Some treatments such as steroids and NIV (in pa-
tients admitted with a hypercapnic acute respiratory failure 
and respiratory acidosis) are supported by strong evidence of 
their efficacy.28

Health-related quality of life after ICU care is an important 
aspect to consider in severe illness such as COPD. All per-
sonnel involved in the care of patients with severe diseases 
in need of intensive care are interested in getting feedback 
about the recovery and subsequent life of their patients. It is 
also important to study HRQL to avoid the notion that ICU 
treatment of

COPD patients are futile and a burden for the patient and 
society. The study of HRQL is challenging as the methods 
used are quite new, HRQL in COPD patients is dependent 
on several factors such as dyspnoea, depression, anxiety and 
exercise tolerance. Clinically important differences in HRQL 
scores are not unanimously defined, there are various meth-
ods used. Nevertheless, it is important to describe the pa-
tient’s situation after ICU care using objective measurements 
not restricted to just age, disease or treatment group.

The findings in the present study were different 
from what could be generally expected. COPD is 
a chronic and progressive disease; it could be ex-
pected to see a decline in HRQL over time in these 
patients. However, this was not the case; HRQL in 
this group of patients was low compared to the gen-
eral population but did not decline further during 3 
month period after discharge. After 6 months it was 
similar to the HRQL of COPD patients not treated 
in the ICU. Patients that died during the study had 
a poorer HRQL. In a study by Negi H et al29 where 
they used a validated Hindi version of St George’s 
Respiratory Questionnaire (SGRQ) was adminis-
tered for self-assessment when the patients were 
clinically stable, authors concluded that  HRQL of 
COPD patients was significantly impaired across 
stages. Marked impairment of HRQL was found 
even in patients with mild disease.30 The results of 
these studies were not following the present study 
where HRQL improved over some time.

CONCLUSION

In the present study, ICU admitted patients for COPD and 
respiratory failure is high in short- as well as long-term de-
spite intensive care provided in ICU. A first preferred choice 
for COPD patients admitted to ICU with respiratory failure 

is Non-invasive ventilation which showed better long-term 
outcome compared to immediate invasive ventilation in 
the present study. Various factors influenced the choice be-
tween NIV and invasive ventilation of patients with an acute 
COPD/AECOPD most important being body weight. The 
health-related quality-of-life (HRQL) of COPD patients ad-
mitted to the ICU is lower than in the general population, but 
does not decline further during the period 3 to 6 months after 
discharge. HRQL in COPD patients 6 months after discharge 
from the ICU was quite similar to that of COPD patients not 
treated on the ICU. However, the present study has few limi-
tations as it did not follow the subjects over a longer period; 
hence they have difficulty in detecting rare or late adverse 
effects of treatment.
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