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Incidence of pulmonary embolism during COPD exacerbation*,**
Incidência de embolia pulmonar durante exacerbação da DPOC

Abstract
Objective: Because pulmonary embolism (PE) and COPD exacerbation have similar presentations and symptoms,
PE can be overlooked in COPD patients. Our objective was to determine the prevalence of PE during COPD
exacerbation and to describe the clinical aspects in COPD patients diagnosed with PE. Methods: This was
a prospective study conducted at a university hospital in the city of Ankara, Turkey. We included all COPD
patients who were hospitalized due to acute exacerbation of COPD between May of 2011 and May of 2013.
All patients underwent clinical risk assessment, arterial blood gas analysis, chest CT angiography, and Doppler
ultrasonography of the lower extremities. In addition, we measured D-dimer levels and N-terminal pro-brain
natriuretic peptide (NT-pro-BNP) levels. Results: We included 172 patients with COPD. The prevalence of PE
was 29.1%. The patients with pleuritic chest pain, lower limb asymmetry, and high NT-pro-BNP levels were
more likely to develop PE, as were those who were obese or immobile. Obesity and lower limb asymmetry were
independent predictors of PE during COPD exacerbation (OR = 4.97; 95% CI, 1.775-13.931 and OR = 2.329;
95% CI, 1.127-7.105, respectively). Conclusions: The prevalence of PE in patients with COPD exacerbation was
higher than expected. The association between PE and COPD exacerbation should be considered, especially in
patients who are immobile or obese.
Keywords: Pulmonary disease, chronic obstructive; Pulmonary embolism; Risk factors.

Resumo
Objetivo: Visto que a embolia pulmonar (EP) e a exacerbação da DPOC têm apresentação e sintomas comuns,
o diagnóstico de EP pode ser negligenciado nesses pacientes. Nosso objetivo foi determinar a prevalência de
EP durante a exacerbação da DPOC e descrever os aspectos clínicos em portadores de DPOC diagnosticados
com EP. Métodos: Estudo prospectivo conduzido em um hospital universitário na cidade de Ancara, Turquia.
Entre maio de 2011 e maio de 2013, todos os pacientes hospitalizados por exacerbação aguda da DPOC foram
incluídos no estudo. Todos os pacientes foram submetidos a avaliação de risco clínico, gasometria arterial,
angiotomografia de tórax e ultrassonografia Doppler de membros inferiores. Além disso, foram medidos os
níveis de dímero-D e de N-terminal pro-brain natriuretic peptide (NT-pro-BNP). Resultados: Foram incluídos
172 pacientes com DPOC. A prevalência de EP foi de 29,1 %. Os pacientes com DPOC e dor torácica pleurítica,
assimetria de membros inferiores e altos níveis de NT-pro-BNP, assim como aqueles que estavam obesos ou
imobilizados, apresentavam maior probabilidade de desenvolver EP. Obesidade e assimetria de membros inferiores
foram preditores independentes de EP nos pacientes com exacerbação da DPOC (OR = 4,97; IC95%, 1,77513,931 e OR = 2,329; IC95% CI, 1,127-7,105, respectivamente). Conclusões: A prevalência de EP em pacientes
com exacerbação da DPOC foi maior que a esperada. A associação entre EP e exacerbação da DPOC deve ser
considerada nesses pacientes, especialmente naqueles imobilizados ou obesos.
Descritores: Doença pulmonar obstrutiva crônica; Embolia pulmonar; Fatores de risco.
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Introduction
Not only is COPD a significant cause of
morbidity worldwide, but it is also the fourthleading cause of mortality today and is estimated
to be the third-leading cause of death by 2020.
Exacerbations of COPD are the episodic periods
of the disease, characterized by deterioration of
respiratory function. Most deaths caused by COPD
appear to occur during exacerbations. Respiratory
infections are responsible for 50-70% of COPD
exacerbations, and environmental pollution
causes another 10%. Nearly 30% of all COPD
exacerbations have unknown etiology.(1,2) Although
a meta-analysis found that the prevalence of
pulmonary embolism (PE) was 20% among patients
who were in a period of exacerbation of COPD,(3)
that prevalence was found to be 13.7% in a recent
study.(4) The prevalence of PE in post-mortem
studies ranges from 28% to 51%.(5,6)
The presentation of common symptoms
of COPD exacerbations, such as dyspnea and
cough, might cause the diagnosis of acute PE
to be overlooked. Patients with COPD are at
risk of developing PE due to various reasons,
such as immobility, systemic inflammation,
and polycythemia. In addition, COPD has been
recently defined as an independent risk factor for
PE.(7) Mortality and delay in diagnosis of PE are
higher in patients with COPD.(8) The prevalence
of PE in a highly specific group of patients who
were hospitalized for severe exacerbation with
unknown origin was reported to be 25%.(9) Gunen
et al. reported that venous thromboembolism
(VTE) was three times more prevalent in patients
with an exacerbation of unknown origin than in
patients with an exacerbation of known origin.
(4)
The exact prevalence of PE in patients who
are in a period of an acute exacerbation of
COPD and the clinical features of those patients
are as yet unclear. The objective of the present
study was to determine the prevalence of PE
in patients during COPD exacerbation and to
describe the clinical aspects in those patients
diagnosed with PE.

Methods
This was a prospective study conducted in a
university hospital in the city of Ankara, Turkey.
All COPD patients who were hospitalized due
to acute exacerbation of COPD between May
of 2011 and May of 2013 were included in the
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study. The study protocol was approved by the
Research Ethics Committee of Ufuk University,
located in Ankara, Turkey. All participating patients
gave written informed consent. Exclusion criteria
were having a history of hypersensitivity after the
injection of contrast material; having chronic renal
disease, pneumonia, or congestive heart failure;
having been under anticoagulant treatment; and
being unable to give written informed consent
because of confusion or dementia. Patients with
an inconclusive diagnosis of COPD were also
excluded. As a result, a total of 172 patients
were included in the study. Figure 1 shows the
design of the study.
The diagnosis of COPD was confirmed by
medical history and previous medical records
(chest X-rays and pulmonary function testing).
The severity of COPD was determined by using
the Global Initiative for Chronic Obstructive Lung
Disease (GOLD) criteria. Acute exacerbation was
diagnosed when the patient with COPD had
a worsening in respiratory symptoms beyond
the normal day-to-day variations that led to a
change in medication.(10)
Detailed clinical evaluations were performed
for all participants by medical history, physical
examination, and chest X-rays. Blood samples
were taken immediately for the evaluation
of D-dimer, blood workup, arterial blood gas
analysis, and N-terminal pro-brain natriuretic
peptide (NT-pro-BNP) levels. D-dimer levels were
measured with the Tina-quant® D-dimer assay
system (Boehringer, Mannheim, Germany), which
is a particle-enhanced immunoturbidimetric assay.
We used Roche Elecsys ProBNP assay (Roche
Diagnostics, Mannheim, Germany) in order to
determine NT-pro-BNP levels.
Risk factors for developing VTE, such as surgery,
malignancy, immobility (bed rest > 48 h), and
previous VTE, were noted while recording the
history of the patient. We used the simplified
version of the revised Geneva score,(11) Well’s
score,(12) and the clinical classification proposed
by Miniati et al.(13) in all patients who were
included in the study.
Chest CT angiography (CTA) was performed
with a 16-section multidetector CT scanner
(GE Light Speed 16; GE Healthcare, Milwaukee,
Wisconsin, USA) within 24 h of admission. The
patients were injected 100 mL of non-ionic
contrast media (Iohexol Omnipaque 300/100;
GE Healthcare, Milwaukee, WI, USA) via an 18G
J Bras Pneumol. 2014;40(1):38-45
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Preliminary patient selection
(n = 282)

Exclusion after initial evaluation
(n = 102)
Contrast hypersensitivity (n = 5)
Chronic renal disease (n = 8)
Oral anticoagulant use (n = 5)
Pneumonia (n = 48)
Congestive heart failure (n = 22)
Confusion or dementia (consent not
obtained; n = 14)

Inclusion after initial evaluation
(n = 180)
Further exclusions
COPD not confirmed (n = 8)
Final sample
(n = 172)
Clinical risk assessment
Chest CT angiography
Doppler ultrasound of lower
limbs

Figure 1 - Study design.

needle into the antecubital vein at a rate of 4
mL/s using a power injector (Medrad Stellant
Dual; Medrad, Indianola, PA, USA). Chest CTA
was carried out using a dedicated workstation
(Advanced Workstation 4.0; GE Healthcare). The
diagnosis of PE was reached when an intraluminal
filling defect surrounded by intravascular contrast
or total occlusion of the pulmonary arterial lumen
was detected at any level of the pulmonary arteries.
The localization of the thrombi was noted.
Doppler ultrasonography of the deep veins
of the lower extremities was performed by an
experienced radiologist who was blinded about
the angiographic results. A standard method was
used with a dedicated ultrasound unit (Logiq 7®;
GE Healthcare) and a 10L linear array transducer
(bandwidth, 6-10 MHz) in order to investigate
the presence/absence of intravenous thrombi.
Arterial blood gas analyses were performed
with a GEM Premier™ 3000 blood gas/electrolyte
analyzer (model 570; Instrumentation Laboratory,
Lexington, MA, USA). Interpretation of the results
was as follows: acidosis, pH < 7.35; alkalosis,
pH > 7.45; hypercapnia, PaCO2 > 45 mmHg;
hypocapnia, PaCO2 < 35 mmHg; and hypoxemia,
PaO2 < 80 mmHg. Hypoxemia was further graded
as mild (60-80 mmHg); moderate (40-59 mmHg);
or severe (< 40 mmHg).(14)
Patients were considered obese with a body
mass index (BMI) ≥ 30 kg/m²,(15) whereas a
diagnosis of cachexia was given to male patients
with a BMI < 16 kg/m2 and to female patients
with a BMI < 15 kg/m2.(16)
A diagnosis of hypertension was confirmed
when blood pressure was ≥ 140/90 mmHg on three
J Bras Pneumol. 2014;40(1):38-45

separate occasions after hospital admission. (17) A
diagnosis of diabetes mellitus was based on the
American Diabetes Association criteria.(18) The
participants on antihypertensive or antidiabetic
treatment were considered to have hypertension
or diabetes mellitus. A diagnosis of coronary
artery disease was based on previous medical
records (echocardiogram and CTA) of the patients.
Anemia was diagnosed based on hemoglobin
levels (≤ 13.5 g/dL in males ≥ 18 years of age
and ≤ 12.0 g/dL in females ≥ 18 years of age).(19)
The data was analyzed using the Statistical
Package for the Social Sciences 11.5 pocket
program (SPSS Inc., Chicago, IL, USA). Categorical
variables were expressed as absolute and relative
frequencies, whereas continuous variables were
expressed as means, standard deviations, medians,
minimum values, and maximum values. The
chi-square test was used in order to compare
two independent groups of categorical variables.
The Mann-Whitney U test was used in order to
compare two independent groups of continuous
variables. Statistical significance was set at a
value of p < 0.05. Variables with p < 0.1 in the
univariate analysis were evaluated by multiple
logistic regression analysis in order to define
independent risk factors of outcome variables.

Results
A total of 172 patients were enrolled in the
study. The mean age was 71.31 ± 9.62 years;
142 patients (82.6%) were male, and 30 patients
(17.4%) were female. The distribution of patients
according to GOLD stages (GOLD I-IV) were
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as follows: 7.0%, 37.2%, 28.5%, and 27.3%,
respectively. Most of the patients (73.8%) had
comorbidities accompanying COPD. Demographic
properties and basic clinical characteristics of
the COPD patients who were included in the
study are shown in Table 1.
The prevalence of PE was 29.1%, and all of
the patients who had PE based on CTA results
also had deep vein thrombosis. The prevalence
of PE did not differ between GOLD stages (p >
0.05). The localization of thrombi in patients
who had PE and the results of the Doppler
ultrasonography are shown in Table 2.
The ratios of low probability according to
the revised Geneva score,(11) Well’s score,(12) and
the clinical classification by Miniati et al.(13) in
patients who had a confirmed diagnosis of PE
was 18%, 24%, and 44%, respectively. The clinical
probabilities of the patients who were diagnosed
with PE (positive results on CTA) according to
the three abovementioned scores are shown in
Table 3.
There was no statistically significant difference
between the groups of patients with PE and
without PE in terms of age, gender distribution,

and presence/number of accompanying
comorbidities (p > 0.05 for all). The prevalence
of obesity was significantly higher among the
patients with PE (p = 0.033). The prevalence
of other comorbidities (cachexia, hypertension,
diabetes mellitus, coronary artery disease, and
anemia) was not different between the groups
with or without PE (p > 0.05). However, the
prevalence of immobility was significantly higher
among those with PE (p = 0.024). Risk factors
for VTE (trauma, malignancy, surgery, congestive
heart failure, or previous history of VTE) did not
significantly differ between the two groups (p
> 0.05). In addition, the presence of symptoms,
such as cough, sputum, hemoptysis, dyspnea,
tachycardia, fever, etc., did not significantly differ
between the two groups (p > 0.05). Pleuritic chest
pain and lower limb asymmetry were significantly
more prevalent among those diagnosed with PE
(p = 0.038, and p = 0.002, respectively).
Levels of D-dimers and NT-pro-BNP were
significantly higher among the patients with PE
than among those without (p < 0.001 vs. p =
0.006). Arterial blood gas analyses revealed that
the patients with PE had higher pH values and

Table 1 - Demographic properties and general clinical
characteristics of the study population.a
Variable
Result
Age, yearsb
71.31 ± 9.62
Gender
Male
142 (82.6)
Female
30 (17.4)
FEV1, mLb
1,502.82 ± 359.86
FEV1, % of predictedb
55.8 ± 19.4
mMRCb
1.39 ± 1.02
Exacerbations/yearb
1.26 ± 0.71
GOLD stage
I
12 (7.0)
II
64 (37.2)
III
49 (28.5)
IV
47 (27.3)
Comorbidities
Obesity
24 (13.9)
Cachexia
6 (3.5)
Hypertension
35 (20.3)
Diabetes mellitus
26 (15.1)
Coronary artery disease
30 (17.4)
Anemia
17 (9.9)

Table 2 - Localization of the thrombi on chest CT
angiography and Doppler ultrasonography of the
lower limbs in the 172 patients studied.a
Localization
Patients
Chest CT angiographyb
Main pulmonary artery
10 (5.8)
Segmental
8 (4.7)
Subsegmental
32 (18.6)
Unilateral
45 (26.2)
Bilateral
5 (2.9)
Doppler ultrasonographyb
Proximal deep vein
10 (5.8)
Distal deep vein
18 (10.5)
Distal superficial vein
22 (12.8)

mMRC: modified Medical Research Council scale; and GOLD:
Global Initiative for Chronic Obstructive Lung Disease.
a
Values expressed as n (%), except where otherwise indicated.
b
Values expressed as mean ± SD.

Values expressed as n (%). bThrombi detected in 50 patients
(29.1%).
a

Table 3 - Clinical probabilities of the 50 patients
diagnosed with pulmonary embolism according to
the scoring systems used in the study.a
Scoring system
Probability
Low
Moderate
High
Revised Geneva(11) 9 (18)
32 (64)
9 (18)
Well’s(12)
12 (24)
34 (68)
4 (8)
Miniati et al.(13)
22 (44)
6 (12)
22 (44)
a

Values expressed as n (%).
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lower PaCO2 levels than did those without (p <
0.01 and p < 0.05, respectively). The length of
hospitalization was longer in the patients with
PE than in those without (p = 0.001). However,
the three-month mortality rate and the need
for intensive care did not differ between the
groups (p > 0.05). The clinical and laboratory
findings in the patients with and without PE
are compared in Table 4.
Multiple logistic regression analysis revealed
that obesity and lower limb asymmetry were
the independent variables that predicted the
presence of PE in the patients with COPD (OR
= 4.97; 95% CI, 1.775-13.931 and OR = 2.329;
95% CI, 1.127-7.105, respectively).

Discussion
The present study showed that PE was present
in 29.1% of the patients who were hospitalized
due to an exacerbation of COPD. Patients with
pleuritic chest pain, lower limb asymmetry,
and high NT-pro-BNP levels were more likely

to develop PE, as were those who were obese
or immobile. Obesity and lower limb asymmetry
were independent predictors of PE in the patients
with COPD exacerbation.
Most deaths caused by COPD occur during
the periods of exacerbation. The course of
the disease can be worsened by PE. Because
clinical features of PE are nonspecific (e.g.,
dyspnea and pleuritic chest pain), it might be
underdiagnosed in patients with COPD during
periods of exacerbation. Visual confirmation of
the clot with an imaging technique is required
in order to warrant anticoagulation therapy in
appropriate dose and duration. The prevalence
of PE in COPD exacerbations is not precisely
known, but a recent meta-analysis reported that
the prevalence of PE in COPD exacerbation with
an unknown cause was 20%. The prevalence
was higher (24.7%) in four studies that included
hospitalized COPD patients.(3) However, TillieLeblond et al. found the prevalence of PE to be
25% in COPD patients with severe exacerbation of

Table 4 - Clinical and laboratory characteristics of the patients with and without pulmonary embolism.a
Characteristic
Pulmonary embolism
p
Yes
No
Age, yearsb
72.08 ± 10.89
71.00 ± 9.08
> 0.05
Gender
Male
38 (76.0)
104 (85.2)
> 0.05
Female
12 (24.0)
18 (14.8)
Comorbidities
Cachexia
11 (22.0)
12 (9.8)
> 0.05
Obesity
5 (4.1)
1 (2.0)
0.033
Hypertension
18 (36.0)
42 (34.4)
> 0.05
Diabetes mellitus
13 (26.0)
21 (17.2)
> 0.05
Coronary artery disease
20 (40.0)
46 (37.7)
> 0.05
Anemia
8 (16.0)
19 (15.6)
> 0.05
D-dimer, µg/mLb
2.38 ± 2.80
1.06 ± 1.51
< 0.001
Hematocrit, %b
40.20 ± 6.77
41.70 ± 6.15
> 0.05
Pleuritic chest pain
12 (24.0)
14 (11.5)
0.038
Lower limb asymmetry
11 (22.0)
7 (5.7)
0.002
Hemoptysis
1 (2.0)
1 (0.8)
> 0.05
NT-pro-BNP, pg/Lb
1,664 ± 3,247
1,188 ± 3,233
0.006
Arterial blood gasb
pH
7.470 ± 0.072
7.400 ± 0.039
< 0.01
PaCO2, mmHg
34.0 ± 20.0
37.5 ± 10.1
< 0.05
PaO2, mmHg
57.0 ± 14.9
60.0 ± 13.3
> 0.05
Length of hospital stay, days
11.42 ± 5.69
8.89 ± 4.05
0.001
ICU need
5 (10.0)
5 (4.1)
> 0.05
Three-month mortality rate, %
12.0
6.6
> 0.05
NT-pro-BNP: N-terminal pro-brain natriuretic peptide. aValues expressed as n (%), except where otherwise indicated.
b
Values expressed as mean ± SD.
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unknown origin.(9) In our study, we also evaluated
the prevalence of PE among hospitalized patients
with COPD exacerbation, and it was even higher
(29.1%).
Gunen et al. found the prevalence of PE
among patients who were hospitalized due
to COPD exacerbation to be 13.7%,(4) which
was lower than that in our study. They found
that being female, having chest pain, having
hypotension, and having syncope to be predictors
of PE in patients with COPD exacerbation. Our
study did not reveal a significant relationship
between the genders. Similarly, we found positive
relationships of pleuritic chest pain and lower
limb asymmetry with the occurrence of PE.
Gunen et al. found that none of the patients with
low-risk determination and 20.7% of those with
moderate-risk determination had PE. In contrast,
our study showed that, among the patients with
PE, 24% had a low clinical probability, and 68%
had a moderate clinical probability according
to the Well’s score. Fernández et al. reported
that patients with PE and COPD had a lower
pre-test probability for PE than the patients with
PE but without COPD.(8) In the present study,
a low probability according to all three scoring
systems (revised Geneva, Well’s and Miniati et
al.)(11-13) could not rule out PE in the patients
with COPD exacerbation. These results showed
that the clinical risk assessment of patients with
COPD exacerbation for PE can mislead clinicians.
The presence of common symptoms in COPD
exacerbation and PE might be the reason that
causes a high incidence of low-risk probability in
these patients. COPD has been recently defined
as an independent risk factor for PE.(7) Further
studies are necessary to evaluate the inclusion of
COPD to the criteria for the clinical risk assessment
for PE in order to overcome this problem.
The variation in the prevalence of PE is thought
to be the result of differences in study populations
and study design. The prevalence of PE in COPD
patients who were admitted to the emergency
department was reported to be 3.3% in a study.
(20)
The low prevalence in that study might result
from the evaluation of patients admitted to the
emergency department. Additionally, the authors
did not further evaluate the COPD patients who
did not have a clinical suspicion of PE and had
low D-dimer levels (< 0.5 µg/mL). We evaluated
all hospitalized patients with COPD exacerbation
using imaging methods without considering their
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clinical probabilities for PE and D-dimer levels.
In a recent study by Choi et al., the prevalence
of PE among hospitalized patients with COPD
exacerbation was distinctly lower than that in
our study (5% vs. 29.1%), despite the similarities
in the selected population and the design of the
two studies.(21) In contrast to their study, however,
the location of PE in most of our patients was
peripheral. In both studies, NT-pro-BNP levels
were significantly higher in COPD patients with
PE. Although the length of hospital stay was
longer in the COPD patients with PE in our
study, that study did not reveal a difference
between the two groups in terms of length of
hospital stay.
In contrast to the study by Gunen et al., which
reported no difference in PaCO2 levels in COPD
patients with or without PE,(4) the present study
showed that respiratory alkalosis and hypocapnia
were more common in patients with COPD
exacerbation accompanying PE. Tillie-Leblond
et al. found lower PaCO2 levels in patients with
COPD exacerbation and PE.(9) Similarly, previous
reports showed that a decrease in PaCO2 during
COPD exacerbation might indicate PE.(22,23)
It is known that BNP is released from the heart
into the circulation. Levels of BNP increase in
patients with congestive heart failure and acute
myocardial infarction; BNP is also a marker of right
ventricular dysfunction in acute PE(24) and correlates
with pulmonary arterial pressure.(25) Gunen et al.
showed that indicators of acute right heart failure
on echocardiogram were more prevalent in COPD
patients with PE.(4) In our study, we excluded the
patients with congestive heart failure on their initial
evaluation. NT-pro-BNP levels were significantly
higher in COPD patients with PE than in those
without PE. Echocardiograms require expertise
and cannot be performed at all medical centers.
However, NT-pro-BNP measurements might be
more accessible for the evaluation of right heart
failure and pulmonary arterial pressure in COPD
patients without congestive heart failure who
are being investigated for PE.
A few symptoms are closely related to the
localization of the thrombus in patients with PE.
Hypotension and syncope were more common
symptoms in the study by Gunen et al., which can
be explained based on the location of the thrombi
(half of the patients with PE had a centrally
located thrombus).(4) In the present study, the
thrombi in patients with COPD exacerbation and
J Bras Pneumol. 2014;40(1):38-45
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PE were most commonly peripheral (segmental and
subsegmental) in 80% of the patients, and pleuritic
chest pain was the most common symptom. In
our study population, the peripheral location
of most of the thrombi might be the reason of
the similar mortality rates in the COPD patients
with and without PE. However, it is important to
detect and properly treat a peripherally located
thrombus in order to prevent recurrence, which
might cause death.
Our study had some limitations. Although this
was the largest study to evaluate the prevalence
and the characteristics of patients with COPD
exacerbation associated with PE, it was a single
center study. In addition, the present study only
investigated the prevalence of PE and the clinical
conditions in which PE was suspected in the
patients with COPD exacerbation.
In conclusion, the prevalence of PE in the
patients with COPD exacerbation was higher
than expected in our study. Exacerbation of
COPD and PE can be associated. Because of
that, PE should be considered in patients with
COPD exacerbation, especially in those who are
immobile, have pleuritic chest pain, and present
high D-dimer, NT-pro-BNP, and pH levels, as
well as presenting low PaCO2 levels. Obesity
and lower limb asymmetry were independent
predictors of the presence of PE in our patients.
Larger studies are necessary in order to evaluate
the prevalence of PE in patients with COPD
exacerbation in a more precise fashion and to
provide understanding about the factors and
mechanisms that influence the development of
PE in this population.
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