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ABSTRACT

Background and Objective: Acute exacerbation of chronic obstructive pulmonary disease (COPD) leads to
increased morbidity, mortality and requirement of invasive mechanical ventilation (MV). The aim of this study
was to identify predictors of need of MV in these patients. Materials and Methods: Clinical symptomatology,
demographic profile, biochemical parameters including renal functions, liver functions and acid base parameters,
and acute physiology and chronic health evaluation Il (APACHE II) score at the time of admission were recorded
in 100 patients of COPD exacerbation. Various parameters were compared between patients in whom MV was
required with those managed with medical therapy. Results: MV was required in 73% of the patients. Parameters
found to be independent predictors of need of MV were: Admission APACHE-II score = 11.5 {adjusted odds ratio
(OR) [95% confidence interval (Cl)]: 1.42 [1.08-1.86]; P = 0.012}, first day pH < 7.28 (adjusted OR [95% ClI]: 1.09
[1.02-1.15]; P = 0.008), first day PaCO, = 68.6 mmHg (adjusted OR [95% CI]: 1.09 [1.02-1.15]; P = 0.004) and
worse premorbid functional status (adjusted OR [95% CI]: 17.01 [1.95-148.68]; P=0.01). Conclusions: Underlying
disease severity as assessed by premorbid functional status and APACHE-II score, and the acuity of respiratory
system decompensation as assessed by the admitting arterial pH and PaCO,, are independent predictors of need
of MV in patients with exacerbation of COPD.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a
leading cause of morbidity and mortality worldwide.™
COPD is the fourth leading cause of mortality and the
12" leading cause of disability. The worldwide prevalence
of COPD in 1990 was estimated at 9.34/1000 in men and
7.33/1000 in women.!? A review of 11 studies involving
patients of COPD with acute respiratory failure found
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a combined mortality rate of 20.3% and mechanical
ventilation (MV) rates in the range of 9.8-67.6%.5 In
resource-limited settings such as India, there is perennial
shortfall in health care resources. Well-equipped critical
care beds are at a premium, and the available numbers fall
well short of the number of patients that could potentially
benefit by admission to these units. Such a scenario
makes appropriate utilization of resources, including
the critical care beds, imperative. It stands to reason in
such a scenario to offer intensive care unit admission
to the patients that are at a higher risk of developing
complications, including need of MV. Apart from ensuring
close monitoring with prompt intervention as needed,
such an approach may even aid in obviating the need
of MV in some of these patients. The current study was
conducted to identify independent predictors of need of
MV in patients with exacerbation of COPD admitted to
a tertiary care center.
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MATERIALS AND METHODS

This was a prospective study conducted during the period
2003-2005 at a tertiary care center in North India. All
patients admitted with a primary admitting diagnosis of
acute exacerbation of COPD were eligible for inclusion. All
patients had to have a prior confirmed diagnosis of COPD
on the basis of fixed airway obstruction on spirometry. All
patients with spirometry had FEV1/FVC <0.70. Exacerbation
of COPD was diagnosed on the basis of worsening of at least
one of these respiratory symptoms, i.e., dyspnea, cough
and/or sputum production, leading to change in medical
therapy.[*5! Patients with underlying COPD admitted with
another primary admitting diagnosis (e.g., Accidents,
Stroke, Acute Myocardial Infarction) were excluded
from the study. Similarly, patients with acute respiratory
failure secondary to bronchiectasis, bronchial asthma,
active/inactive tuberculosis, pneumothorax, pulmonary
embolism, pulmonary edema and neurologic/myopathic
causes were also excluded. Informed consent was obtained
from the patients or the next of kin.

Clinical and demographic profile at the time of admission,
including age, sex, smoking data/status and evidence of
cor-pulmonale with or without congestive heart failure,
were recorded. Findings on clinical examination including
heart rate, respiratory rate and mean blood pressure were
recorded. Premorbid functional status was recorded
according to the modified Menzies criteria.l®”! Patients
themselves provided information regarding functional
status. Spouse/close relatives provided this information
in situations where the patient was unable to provide
the same for any reason. Acute physiology and chronic
health evaluation II (APACHE II) score was recorded at
the time of admission.!®! Acid-base abnormalities were
analyzed by recording the arterial blood gas analysis
and serum electrolytes (estimations done on AVL 9958S).
Renal functions and liver functions performed at the
time of admission were also recorded. Requirement of
invasive or non-invasive ventilation (NIV) was recorded.
Developments of other complications in the form of acute
respiratory distress syndrome (ARDS), sepsis and various
types of organ failure were also documented. Days on
ventilator were recorded for all patients.

The patients were managed by a team of physicians. The
management strategy was decided by the treating physician,
and it was individualized for each patient according
to the patient’s clinical status. All patients received
regular nebulized bronchodilators including salbutamol,
ipratropium bromide and intravenous steroids. All patients
also received antibiotics. Spontaneously breathing patients
were administered controlled oxygen therapy (2-3 L/min).
Endotracheal intubation was performed for standard
indications like respiratory arrest, deteriorating level
of consciousness, exhaustion, progressive hypoxemia,
hypercapnia and deteriorating acidemia despite maximal
level of medical treatment. NIV was used as the initial
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strategy wherever it was feasible. It was employed for
indications as per standard recommendations.”! Because
availability of the non-invasive ventilators was limited at
the time the study was conducted, logistics and feasibility
regarding NIV significantly impacted the decision to
institute NIV. This study was a prospective observational
study; therefore, no new drugs or devices were used and no
new investigations were carried out other than those that
were required during the course of disease management
and which were standard of care and were recommended
by various medical bodies for managing such patients. This
study was approved by the departmental thesis committee
consisting of faculty members.

Statistical analysis

Analysis was done using the statistical software “SPSS
version 17.0” (SPPS Corp., Chicago, IL, USA). Descriptive
analysis consisted of mean with standard deviation and
range for various parameters. The study group was divided
on the basis of primary outcome of the study (need of
intubation). Various parameters were compared between
the two groups to identify the predictors of intubation.
Continuous variables were analyzed using Student’s t-test
whereas Fisher’s exact test was used to compare the ordinal
variables. Parameters found to be significant in univariate
analysis were evaluated using multivariate logistic
regression analysis to determine independent predictors
of need of MV. All the statistical tests performed were two
tailed; P < 0.05 was considered statistically significant.

RESULTS

The study group consisted of 100 patients with acute
respiratory failure secondary to COPD exacerbation
(mean age 59.6 = 10.21 years, range 40-85 years; M:F
75:25). Majority of the patients (90%) had history
of exposure to risk factors for the development of
COPD. Majority of men smoked biddi (70%). Almost
all patients (97%) had type-II respiratory failure at
presentation. Forty-one patients had clinical and ECG
changes suggestive of cor-pulmonale while chest X-ray
done at the time of admission showed infiltrates in
44% of the patients. Details of baseline characteristics
of 100 patients of COPD with acute respiratory failure
have been further elaborated in Table 1.

Majority of the patients (98.63%) requiring invasive
MV had grades-II, III and IV premorbid functional
status according to the modified Menzies criteria, while
21 patients (77.73%) managed with only medical care had
these grades of functional status. Among the eight patients
initially managed with NIV, four had grade III and two each
had grades IV and II premorbid functional state.

Ten patients had evidence of sepsis, but none had ARDS
at the time of admission. Overall, 73% of the patients
required invasive MV. Mean number of days on MV
was 10.81 £ 8.40 days. Patients with high admission
APACHE-II score; low pH, high PaCO,, low calcium and
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low corrected serum albumin on first day; and worse
premorbid functional status were more likely to need
MV in univariate analysis [Table 2]. Of the patients with
first day pH < 7.35, 79.7% required MV, with need of
MV going up to 85% when the first day pH was < 7.26.
In the subgroup of patients with first day pH < 7.20,
88.9% of the patients required invasive MV. Independent
predictors of need of MV were admission APACHE-II
score > 11.5 {odds ratio [95% confidence interval (CI)]:

Table 1: Base line characteristics of 100 patients of
chronic obstructive pulmonary disease with acute
respiratory failure
Characteristics

Values

Age (year; mean+SD) 59.6+10.21
Male to female ratio 3:1
Risk factor exposure (n [%])

Current or ex-smokers 78 (86.67)
Exposure to biomass fuel 12 (13.33)
Cause of acute exacerbation of COPD (n [%])
Lower respiratory tract infections 44 (44)
Cause of acute exacerbation uncertain 40 (40)
Non-compliance with medications 16 (16)
Premorbid functional status
(modified menzies criteria) (n [%])
Grade 1 7(7)
Grade 1T 60 (60)
Grade III 21 (21)
Grade IV 12 (12)
Co-morbidities
Essential hypertension 15
Type 2 diabetes mellitus 9
Coronary artery disease 1
Cerebrovascular accident 1
Bipolar disorder 1
Benign prostatic hypertrophy 1
First day (Mean+SD)
pH 7.2540.15
Pa0, (mmHg) 68.32+25.48
PaCO, (mmHg) 79.18+24.35
HCO, (mEq/L) 30.50+8.53
First day (Mean+SD)
Admission APACHE-II score 13.35+£5.35
Serum albumin (g/dL) 3.32+0.52
Potassium (mEq/L) 4.53+0.77
Urea (mg/dL) 57.98+41.28
Creatinine (mg/dL) 1.25+0.99
Hemoglobin (g/dL) 13.38+2.33
Corrected calcium (mg/dL) 8.86+0.49
Phosphate (mg/dL) 2.90+0.79

COPD: Chronic obstructive pulmonary disease, SD: Standard deviation,
Pa0,: Partial pressure of oxygen in arterial blood, PaCO,: Partial
pressure of carbon dioxide in arterial blood, HCO,: Bicarbonate,
APACHE-II: Acute physiology and chronic health evaluation score 11

1.42 [1.08-1.86]; P = 0.012}, first day pH < 7.28 {odds
ratio (95% CI): 1.09 (1.02-1.15); P=0.008}, first day PaCO,
> 68.6 mmHg {odds ratio (95% CI): 1.09 (1.02-1.15);
P =0.004} and worse premorbid functional status {odds
ratio (95% CI): 17.01 (1.94-148.68); P = 0.010} [Table 3].
Thirty-six (36%) patients had in-hospital mortality. The
predominant cause of death was septicemia (72%). Ten
patients needed reintubation after planned extubation.

DISCUSSION

The current study identified independent predictors of
need of MV in the group of COPD exacerbation patients
with acute respiratory failure admitted to a tertiary care
center in North India. The course of COPD is marked by
progressive deterioration in lung function and functional
status punctuated by episodes of acute exacerbation.
These patients with acute exacerbation frequently require
ventilatory support. The incidence of need of invasive
MV in patients with exacerbation of COPD has varied
from 9.8% to 67.6%.1) The huge variation in the earlier
studies is likely due to the variability in the illness severity
among the patients included. In our series, an even higher
proportion of patients (73%) required invasive MV. This is
likely due to an inherent selection bias in the current study:.
The study group consisted of a highly selected population
of COPD patients. Several patients with exacerbation of
COPD presenting to our medical center are unable to
get admitted due to a perennial paucity of beds. Many
such patients who are stable enough to be transferred
are referred to other institutions, thereby leaving behind
mostly the sickest and unstable patients for admission to
our Institute. The severity of the illness of these COPD
exacerbation patients is of the highest order. A high
mean APACHE II score at admission and a much higher
incidence of need of MV are reflective of the same. This fact

Table 3: Logistic regression of variables predictive

of requirement of mechanical ventilation in patients
admitted with acute exacerbation of chronic obstructive
pulmonary disease

Characteristics Odds ratio 95% CI P value
First day pH 1.09 1.02-1.15 0.008
APACHE 1I score at admission 1.42 1.08-1.86 0.012
Worse premorbid functional status 17.01 1.94-148.68 0.010
First day PaCO, 1.09 1.02-1.15 0.004

CI: Confidence intervals, APACHE II: Acute physiology and chronic
health evaluation score 11, PaCO,: Partial pressure of carbon dioxide in
arterial blood

Table 2: Predictors for intubation in patients of chronic obstructive pulmonary disease with acute exacerbation

Characteristics Mechanically ventilated (n=73) Non-ventilated (n=27) P value
mean+SD mean+SD
First day pH 7.22+0.14 7.33£0.15 0.001
First day PaCO, (mmHg) 85.12+24.95 63.14+12.99 0.001
Admission APACHE II score 14.22+5.71 11.00+3.27 0.007
First day serum albumin (g/dL) 3.2540.51 3.50+0.50 0.034
First day corrected calcium (mg/dL) 8.79+0.49 9.03+0.48 0.040
No of patients with grade I, 111, IV Premorbid functional state 72 (98.63%) 21 (77.77%) 0.001

PaCO,: Partial pressure of carbon dioxide in arterial blood, APACHE II: Acute physiology and chronic health evaluation score 1T, SD: Standard deviation
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also makes the current study unique from earlier studies
by showing the predictive capability of commonly used
predictor variables such as APACHE II score and simple
physiological measurements among patients with the most
severe forms of COPD exacerbation.

Patients with higher first day APACHE-II score, acidemia,
hypercarbia and worse premorbid functional status
were more likely to need MV on multivariate analysis.
Arterial pH has been reported as independent predictor
of need of MV in earlier studies as well. Khilnani et al.'”!
Hoo et al.*' and Sluiter et al.'* have earlier reported
association of worse acidemia with higher intubation
rates. They also described a threshold pH below which the
rate of intubation was remarkably high in COPD patients
with acute exacerbation with respiratory failure. Khilnani
et al.’ and Hoo et al." identified a threshold of 7.25. In
the study by Hoo et al.'"! the rate of intubation was the
highest in patients having pH of < 7.20. They also noted
that in more acidemic patients, there was a shorter time
gap between the presentation of patient to hospital and
the time of intubation. Sluiter and colleagues? noted
that the intubation rates were 85% in patients with a
pH of < 7.20 and 63% in patients with pH between 7.21
and 7.40. In our study, a similar trend was noted with
79.7% of patients having first day pH of < 7.35 requiring
MYV, with requirement of MV going up to 85% when the
first day pH was < 7.26. In the subgroup of patients who
had first day pH of < 7.20, 88.9% of the patients required
invasive MV. Arterial PCO, at presentation was also an
independent predictor of requirement of MV. PaCO, was
also found to be significantly higher in patients requiring
invasive MV in a study by Vitacca et al.** The observation
that the patients having greater degree of acidosis and
hypercarbia need MV more frequently stands to reason.
Acute exacerbation of COPD leads to increase in ventilation
perfusion mismatch due to airway narrowing induced by
inflammation, bronchospasm, mucus secretion, increased
intrinsic positive end expiratory pressure and/or gas
trapping and dynamic hyperinflation. Besides ventilation
perfusion mismatch, development of respiratory muscle
fatigue due to tachypnea and decreased skeletal muscle
mass and alveolar hypoventilation also contribute to raised
PaCO, and more acidotic pH.["'*) Worsening acidosis with
hypercapnia is an objective indicator of ineffective alveolar
ventilation, regardless of the underlying mechanism, and
is often a prelude to frank respiratory failure and/or arrest.

High APACHE-II score on admission, indicating the
greater severity of acute physiologic dysfunction, was
an independent predictor of MV. Vitacca et al.l**! showed
in their study that higher APACHE-II score had a high
predictive value for need of MV. Ucgun et al."'”! also
demonstrated that high APACHE II score was one of the
independent predictors of need of MV. Further, in the
study by Hoo et al.,"" mechanically ventilated patients
had significantly higher APACHE-II score. Seneff
et al."® also noted a significantly higher APACHE-II score
in mechanically ventilated patients.
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Premorbid functional status is a good summary measure
influenced by many clinical factors. It indicates the
condition of the patient in terms of severity of dyspnea,
level of independence in doing activities of daily living
reflecting potential severity of underlying COPD and
other associated conditions. In a study by Menzies et al.,
premorbid functional status was more strongly associated
with outcome measure than any other single measure.
According to them, this may reflect the limitations of
current physiologic measures in assessing the impact of
disease fully.”’ In our study, worse premorbid functional
status was independently associated with greater likelihood
of MV. This is an intriguing finding and suggests that need
of MV is as much influenced by the underlying chronic
disease severity as by the acute insult of the exacerbation.
The major strength of this study is the prospective nature
of the study. Further, the current study also validates the
predictive capability of commonly used variables in a
sicker group of COPD patients. This study has got few
limitations as well. The biggest limitation of this study
was the low use of NIV, as availability of the NIV was
limited at the time the study was conducted. The logistics
and feasibility regarding NIV significantly impacted the
decision to institute NIV. Another limitation of this study
is inclusion of patients with pulmonary infiltrates.

In conclusion, underlying disease severity as assessed by
premorbid functional status and APACHE-II score, and the
acuity of respiratory system decompensation as assessed
by the admitting arterial pH and PaCO, are independent
predictors of need of MV in patients with exacerbation
of COPD.
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ILD India Registry

Main Objectives

Interstitial Lung Disease (ILD) remains a major public health problem throughout the world. In order to
understand this fatal disease, a network of most privileged clinical scientists in the field of Interstitial Lung
Disease will be established in India.

1.

To evaluate pattern and natural course of the disease in India.
To characterize the ILD among Indian patients and identify phenotypes of IIP/ILD
To identify associated causative factors and to suggest improved methods of prevention in high risk

group.

To establish more advanced diagnostic and treatment plans for Interstitial Lung Disease.

Contact us for details
Dr. Virendra Singh (National Coordinator, ILD India Registry)
Professor of Medicine

Head, Division of Allergy and Pulmonary Medicine,
SMS Medical College & Hospital,

C 93, Shastri Nagar Jaipur 302016

Email: ildindiaregistry@gmail.com

(Please also check the website www.ildindiaregistry.com )

All the clinicians who manage ILD patients are invited to join the registry.
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