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ABSTRACT
Introduction: Chronic obstructive lung disease is not
only a major cause of morbidity and mortality, but is
also the major reason for intensive care unit (ICU)
admission. Cardiac function is often impaired in this
disease, but its association with clinical outcome has
not been fully established.
Methods and analysis: This is a prospective
observational study conducted in a 47-bed mixed ICU
of a tertiary academic teaching hospital. The study will
be performed from January 2014 to December 2015.
All patients meeting the diagnostic criteria of acute
exacerbation of chronic obstructive pulmonary disease
and admitted to the ICU are potentially eligible for the
present study. The relevant demographics and
laboratory measurements have been obtained.
Transthoracic echocardiography was performed
immediately after ICU admission by experienced
intensivists. The Cox proportional hazard regression
model has been fitted by using a stepwise forward
selection and backward elimination technique. If linear
assumption is not satisfied, the linear spline function
will be used.
Ethics and dissemination: The study protocol was
approved by the ethics committee of Jinhua municipal
central hospital. The results will be published in a
peer-reviewed journal and shared with the worldwide
medical community.
Trial registration number: The study protocol is
registered at ClinicalTrials.gov (NCT02099279).

INTRODUCTION
Chronic obstructive pulmonary disease
(COPD) is a major cause of morbidity and
mortality worldwide, with prevalence among
the total population ranging from 7.8% to
19.7%.1 2 COPD is one of the most important causes of death in many countries. The
Global Burden of Disease Study proposed
that COPD, which was the sixth leading
cause of death in 1990, will become the third

leading cause of death by 2020.3 4 Acute
exacerbation of COPD (AECOPD) is an
emergency that requires rapid medical intervention, and a signiﬁcant proportion of
patients with AECOPD require tracheal
intubation and admission to the intensive
care unit (ICU). Both mechanical ventilation
and ICU admission are harbingers of adverse
clinical outcome and are associated with a
signiﬁcant increase in ﬁnancial cost. Factors
such as male sex, age, low body mass index,
chronic renal failure and lower limb oedema
have been found to be the determinants of
short-term mortality, whereas factors including diabetes mellitus, ischaemic heart
disease, forced expiratory volume at 1 s and
arterial oxygen partial pressure are predictors of long-term mortality.5
Cardiac dysfunction is commonly seen in
mechanically
ventilated
patients
with
AECOPD,6 and it is associated with poor clinical outcomes such as weaning failure and
high mortality rate.7 Several studies have proposed that cardiac evaluation should be incorporated into management strategy in patients
undergoing mechanical ventilation because
of the close interaction between the heart
and lung.8–10 More recently, bedside echocardiography performed by intensivists has
become increasingly popular in the management of critically ill patients, and its use has
expanded our understanding of cardiac performance during mechanical ventilation.11 12
The present study aims to investigate the
role of transthoracic echocardiography
(TTE) measured cardiac indices in predicting clinical outcomes in patients with
AECOPD requiring mechanical ventilation.
Clinical outcomes include length of stay in
the ICU and hospital, duration of mechanical ventilation and mortality.
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STUDY DESIGN
This is a prospective observational study conducted in a
47-bed mixed ICU of a tertiary academic teaching hospital. The hospital is the largest one in Jinhua city with
over 2000 beds, providing tertiary medical care for a
population of over ﬁve million. Our ICU enrolled
medical and surgical patients with an expected annual
admission of 1500, and the proportion of patients admitted because of AECOPD accounted for around 17%.13
The study starts from January 2014, and is planned to
last for a 2-year-period. All patients will be consecutively
enrolled and followed up for the hospital stay.
STUDY POPULATION
All patients meeting the diagnostic criteria of AECOPD
and admitted to the ICU are potentially eligible for the
present study. The diagnosis of AECOPD is based on that
deﬁned in the Global Initiative for Chronic Obstructive
Pulmonary Disease (GOLD COPD guideline, updated in
2014: From the Global Strategy for the Diagnosis,
Management and Prevention of COPD, Global Initiative
for Chronic Obstructive Lung Disease (GOLD) 2014.
Available from: http://www.goldcopd.org/). COPD is
‘characterised by persistent airﬂow limitation that is
usually progressive and associated with an enhanced
chronic inﬂammatory response in the airways and the
lung to noxious particles or gases.’ AECOPD is deﬁned
using deﬁnitive criteria with at least two of the following
major symptoms: increased dyspnoea, increased sputum
purulence, increased sputum volume; or one major and
one minor symptom: nasal discharge/congestion, wheeze,
sore throat and cough for at least two consecutive days.14
In our institution, patients with COPD experiencing
an episode of exacerbation and requiring mechanical
ventilation were admitted to the ICU and other milder
forms of patients with COPD were treated on the ﬂoor
ward. After weaning from mechanical ventilation,
patients will be transferred to the ﬂoor ward. Patients
with COPD admitted to the ICU due to other reasons
such as major surgery, ischaemic heart disease and renal
failure will be excluded. Other exclusion criteria are: (1)
moribund and expected to die within 48 h; (2) patients
or their next-of-kin sign the do-not-resuscitation order
(3) patients on vasopressors.
STUDY PROTOCOL AND SOME DEFINITIONS
All patients included into our cohort are followed up.
On ICU entry, laboratory measurements including blood
gas, chemistry proﬁle, blood count and C reactive
protein are obtained and recorded. Arterial blood gas
includes the pH value, partial pressure of oxygen and
carbon dioxide, base excess and lactate. Oxygen supplementation (FiO2) is recorded. Liver function is reﬂected
with total bilirubin and renal function is reﬂected by
serum creatinine. White cell count, percentage of neutrophils and C reactive protein are obtained to represent
the severity of infection. Demographics such as sex, age
2

on admission, Acute Physiology and Chronic Health
Evaluation II (APACHE II), duration of COPD and ventilation are recorded. Cardiac dysfunction will be assessed
by troponins and B-type natriuretic peptide.
ICU mortality is deﬁned as death during ICU stay and
hospital mortality is death during hospital stay. ICU
length of stay is deﬁned as the time interval between
ICU admission and ICU discharge. Severe critical illness
may cause death early in the course of the disease,
resulting in a short ICU stay; however, these patients do
not present a favourable outcome. Thus, ICU length of
stay will be measured and assessed as a clinical outcome
only in survivors. For patients discharged from the ICU
but readmitted to the ICU within 48 h, it is considered
as one episode of ICU stay. Mechanical ventilation
included invasive and non-invasive ventilation with a
positive end expiratory pressure >5 cm H2O. For patients
with invasive mechanical ventilation, a 1 h spontaneous
breathing trial (SBT) is performed on a daily basis for the
purpose of weaning. 15 16 An SBT is considered to have
failed if (1) arterial oxygen saturation <90%, (2) respiratory rate >35/min, (3) heart rate >40/min, (4) sustained
increase or decrease in systolic blood pressure
>200 mm Hg or <80 mm Hg, (5) there are signs of distress
or diaphoresis. Diagnosis of weaning failure is performed
by intensivists blinded to the TTE ﬁndings. Successful
weaning is deﬁned when a patient weans from MV and
breathes spontaneously on his/her own for >48 h.
Duration of mechanical ventilation is deﬁned as the time
from initiation of ventilation to successful weaning.

ECHOCARDIOGRAPHY
TTE is performed immediately (within 6 h) after ICU
admission by using a portable ultrasound machine
(Sonosite, M-Turbo). Experienced intensivists with more
than 5 years of echocardiographic performance will
perform the ultrasound measurement. The patient
assumes a decubitus position or left lateral recumbent
position to facilitate image acquisition. Left ventricular
ejection fraction (LVEF) is assessed using linear dimensions derived from a two-dimensional image in a parasternal long axis view. However, when there is a marked
regional difference in function, LVEF is assessed by using
Simpson’s rule.17 Mitral valve E-point to septal separation
(EPSS) is also measured to assess the left ventricular function, and this is done in the parasternal long axis
view.18 19 E wave velocity and E wave deceleration time are
assessed using the pulse-waved Doppler analysis of mitral
inﬂow in an apical four-chamber view. A wave velocity is
obtained with the same method. The myocardial velocity
is obtained by using tissue Doppler imaging (TDI) by
placing the sample volume at the junction of the left ventricular wall with the mitral annulus of the lateral myocardial segments from the apical four-chamber view. E0 and
A0 are obtained in this way. Since the E/E0 ratio has been
found to have important prognostic value and is a good
non-invasive surrogate of left ventricular diastolic
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pressure,20–22 it is calculated and will be incorporated
into a multivariable model. The mean of three measurements will be used as the ﬁnal value. If a patient has atrial
ﬁbrillation, the E/E0 ratio is averaged over 10 cardiac
cycles.23 Right ventricular systolic pressure (RVSP) will be
measured if tricuspid regurgitation is present in the
apical four-chamber view or the subcostal view. RVSP is
estimated by using the modiﬁed Bernoulli equation.24
The right atrial pressure (RAP) is estimated by using the
diameter of the inferior vena cava (IVCD): RAP is estimated to be 5 cm H2O if IVCD <12 mm, and is estimated
to be 10 if IVCD ≥12 mm.25 Central venous pressure is
used to represent RAP if a patient has the central venous
catheter in place. Other indices of right ventricular performance including RV fractional area change, the ratio
of RV to LV end-diastolic area and RV eccentricity index
will be measured. Furthermore, functional indices of RV
systolic function such as tricuspid annular plane excursion or systolic peak velocity on TDI may also be informative on the role of RV function in mechanically
ventilated patients with AECOPD and will be included in
our protocol. Since patients with COPD are usually old,
hypertensive and heavy cigarette smokers, they may suffer
from known or occult coronary artery disease resulting in
myocardial ischaemia during AECOPD. Regional wall
motion abnormalities (RWMAs) will be evaluated on
TTE.26 Brieﬂy, the left ventricle is divided into 17 segments (6 basal, 6 mid-ventricular, 5 apical), and each
segment is evaluated and scored by motion and systolic
thickening as follows: 1=normal/hyperkinesis, 2=hypokinesis, 3=akinesis, 4=dyskinesis, 5=aneurysmal. LV wall
motion score index (WMSI) is calculated from the sum
of all scores divided by the number of segments.27 28
FOLLOW-UP STUDY
The ﬁrst evaluation of cardiac function with ultrasound
was performed under critically ill condition in which
myocardial ischaemia and RWMAs are prevalent.
Furthermore, in the clinical setting of severe AECOPD
requiring mechanical ventilation, numerous parameters
may induce or deteriorate the pre-existing pulmonary
hypertension, including hypoxic vasoconstriction, mechanical stress of hyperinﬂated lungs, loss of capillaries
and inﬂammation. Therefore, a follow-up echocardiography will be performed for patients undergoing a spontaneous breathing trial (SBT).
STATISTICAL ANALYSIS
The primary end point in our study is the ICU mortality,
and the sample size calculation was based on this end
point. Sample size calculation was performed based on
the Cox proportional hazard regression model.29
Statistical signiﬁcance is deﬁned as two-sided α=0.05 and
statistical power is 1−β=0.8. The ratio of hazards of
patients with E/E0 >15 to those with E/E0 <15 is presumed
to be 3.30 31 According to the previous report, we assume
the prevalence of E/E0 >15 in patients with COPD is 0.15.
The corresponding binary covariate ( patients with E/E0
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>15 and those with E/E0 <15) follows a Bernoulli distribution with the probability of a subject being in E/E0 >15
group, p,
equal to ﬃ0.15. As a result, the SD of the covaripﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ate is
pð1  pÞ ¼ 0:36. Furthermore, our previous
experience suggested that ICU patients with pulmonary
disease had a probability of mortality rate of 20%.13 The
estimated sample size is 251 with an estimated required
number of failure events of 51.
Continuous variables are expressed as mean±SD or
median and IQR as appropriate. Data of normal distribution are compared using the t test and skewed data
are compared using the non-parametric method
(Wilcoxon rank-sum test). Categorical variables are
expressed as a number and percentage, and are compared by using χ2 test.
All variables will be incorporated initially into the multivariable Cox proportional HR model as the full model.
The main effect model is built by using the stepwise
forward selection and backward elimination technique.
The signiﬁcance level for selection is predeﬁned to be
0.15 and that for elimination is 0.2. However, we will not
let the model building be completely determined by the
machine. From a clinical perspective, important prognostic variables are forced to remain in the model if they are
excluded by the stepwise procedure. These variables
include sex, age and APACHE ||. Thereafter, we proceed
to determine the speciﬁcation of the model ( proportional hazard assumption). It is equivalent to test the
non-zero slope in a generalised regression of the scaled
Schoenfeld residuals on functions of time.32 The estat
phtest syntax in Stata will perform the test for each predictor as well as for overall predictors. If the test indicates
violations to the proportional assumption, we sort to
employ the Logistic regression model in which the end
point is deﬁned as the ICU mortality. The main effect
model is built in the way as described previously. The relationship between E/E0 and mortality in logit is examined
by using the LOWESS smooth. If linear assumption is not
satisﬁed, we will use the linear spline function to explore
the relationship between E/E0 and mortality.33 The knots
for the linear spline function are chosen by examining
the turning points in the lowess smooth curve. Another
method is to transform the E/E0 ratio into dummy variables, and the normal range of the E/E0 ratio is used as
the reference. ORs of different groups are reported
against the reference. All possible interaction terms are
examined for their statistical signiﬁcance.
All statistical analyses will be performed by using Stata
V.12.0 (College Station, Texas 77845, USA). Two-sided
p=0.05 is considered to be statistically signiﬁcant.

DISCUSSION
Patients with COPD are at increased risk of developing
cardiac dysfunction. It is reported that more than 20%
of patients with COPD have concomitant cardiac dysfunction.34 Furthermore, observational studies have
demonstrated that COPD is a strong risk factor for heart
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failure with a risk ratio of 4.5, and the association
remains unchanged even after adjusting for other confounding factors.35 Although the underlying mechanisms for cardiac dysfunction in patients with COPD are
largely unknown, the crosstalk is believed to be associated with over-activated inﬂammatory response, oxidative stress, pulmonary hypertension and airﬂow
limitation.36–38 However, most studies are conducted in
the general ward in which patients are less critically ill.
The clinical implication of cardiac dysfunction in critically ill patients with COPD requiring tracheal intubation
and mechanical ventilation is still largely unknown. The
aim of the present study is to explore the prognostic
value of cardiac dysfunction in patients with COPD
requiring mechanical ventilation. The study setting is a
mixed ICU and cardiac function is determined by using
echocardiography. The primary study end point is the
ICU mortality; and the secondary end points include
hospital mortality, duration of mechanical ventilation,
ICU length of stay and hospital length of stay.
Cardiac function assessed by echocardiography is
multidimensional in that it includes systolic function,
diastolic function and ﬁlling pressure. Systolic function
is represented by EPSS and ejection fraction; diastolic
function is represented by the E/A ratio, E0 /A0 ratio
with TDI. Left ventricular ﬁlling pressure represented by
the E/E0 ratio has been extensively investigated for its
association with clinical outcomes in a variety of diseases
and settings such as myocardial infarction and patients
with sinus rhythm.39–41 Thus, we aim to investigate the
association between the E/E0 ratio and clinical outcome
in patients with COPD requiring mechanical ventilation.
AECOPD-induced cardiac disorders may be induced
by myocardial ischaemia resulting from the oxygen
supply-demand mismatch (due to hypoxia, tachycardia
and fever).42 43 Our study will provide more insights into
this mechanism by measuring the RWMAs. Pulmonary
hypertension has long been known as a risk factor for
poor clinical outcome in patients with COPD.44 It is
evident that many patients with COPD have persistent
pulmonary hypertension, and this can be exacerbated
by hypoxic vasoconstriction, mechanical stress of hyperinﬂated lungs, loss of capillaries and inﬂammation
during the acute care setting. In the present study, we
will perform ultrasonographic studies in the acute and
stable phases, aiming to separate the reversible and irreversible components of pulmonary hypertension.
The strength of the present study is the sound statistical analysis applied to model building. It is well recognised that the major limitation of an observational study
is the inﬂuence of confounding factors. In our case, the
prognostic value of E/E0 may be affected by the variables
age and APACHE ||, both of which are well established
prognostic factors. The confounding effect can be
adjusted by properly using the regression model.
Furthermore, an important but frequently ignored issue
in assessing the ﬁtted model is the linear assumption.
For many biological variables, a certain range, also
4

known as the normal reference, may be associated with
the lowest risk of poor outcome. Lower and higher
values than this normal reference are associated with the
increased risk of adverse outcome. Therefore, we will
use the linear spline function to account for the nonlinear relationship.
If a certain aspect of cardiac function is demonstrated
to be signiﬁcantly associated with mortality, the clinical
implication is that echocardiography can be routinely
obtained for patients with COPD after admission to the
ICU to better inform the clinical outcomes.
Furthermore, interventions including ﬂuid restriction,
use of inotropes and diuretics may confer a beneﬁcial
effect when guided by echocardiography.
The limitations of the study should be acknowledged in
several aspects. First, the study is observational in design
and suffers inherent limitations of this kind such as selection bias and confounding effect. Second, echocardiography is problematic in mechanically ventilated patients
with COPD in terms of quality, reproducibility and assessment of right ventricular function. Problems related to
image acquisition may be solved by using transoesophageal echocardiography, but it is not available in the ICU
where the study was conducted. Third, since multiple
associations are to be tested in the study, it is subject to
the problem of multiple testing, which may lead to false
positive ﬁndings. Therefore, the result of the study is
hypothesis generating and requires further conﬁrmation.
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