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BACKGROUND: Patients with COPD experience episodes of increased inflammation, so-called
acute exacerbations of COPD (AE-COPD). In 30% of AE-COPD cases, no clear cause is
found. Since there is well-known cross talk between inflammation and thrombosis, the
objectives of this study were to determine the prevalence, embolus localization, clinical
relevance, and clinical markers of pulmonary embolism (PE) in unexplained AE-COPD.

METHODS: A systematic search was performed using MEDLINE and EMBASE platforms
from 1974 to October 2015. Prospective and cross-sectional studies that included patients
with AE-COPD and used pulmonary CT-angiography for diagnosis of PE were included.

RESULTS: The systematic search resulted in 1,650 records. The main reports of 22 articles
were reviewed, and 7 studies were included. The pooled prevalence of PE in unexplained
AE-COPD was 16.1% (95% CI, 8.3%-25.8%) in a total of 880 patients. Sixty-eight percent of
the emboli found were located in the main pulmonary arteries, lobar arteries, or interlobar
arteries. Mortality and length of hospital admission seemed to be increased in patients with
unexplained AE-COPD and PE. Pleuritic chest pain and cardiac failure were more frequently
reported in patients with unexplained AE-COPD and PE. In contrast, signs of respiratory
tract infection was less frequently related to PE.

CONCLUSIONS: PE is frequently seen in unexplained AE-COPD. Two-thirds of emboli are
found at locations that have a clear indication for anticoagulant treatment. These findings
merit clinical attention. PE should receive increased awareness in patients with unexplained
AE-COPD, especially when pleuritic chest pain and signs of cardiac failure are present, and
no clear infectious origin can be identified. CHEST 2017; 151(3):544-554
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COPD is currently the third leading cause of mortality
and morbidity worldwide.1-3 Acute exacerbations of
COPD (AE-COPD) are an important aspect of disease,
as they lead to worsening of respiratory symptoms,
deterioration of respiratory function, and worsening of
prognosis.4-7 The majority of AE-COPD cases develop
in response to infections; however, in about 30% of
AE-COPD cases, no clear cause is found.8

In AE-COPD, the coexistence or development of
secondary disorders can significantly determine
outcome.5,9 One of these potentially harmful disorders is
pulmonary embolism (PE). Previous studies suggest a
high prevalence of PE in AE-COPD, ranging from 18% to
25%.10-12 This prevalence might be explained by the
increase of inflammatory markers during AE-COPD.13-15

Population studies, however, have shown either a modest
excess risk for PE in COPD, with ORs ranging from 2.51
(95% CI, 1.62-3.87) to 5.46 (95% CI, 4.25-7.02)16-18 or no
association at all.19 Since there is well-known cross talk
between inflammation and coagulation, patients may be
particularly at risk for PE during AE-COPD.13,20-22
journal.publications.chestnet.org
Clinical evaluation of PE in AE-COPD might pose some
challenges. First, improvements in resolution of
multislice CT pulmonary angiography (CTPA) has led
to the increased observation of filling defects with a
diameter of 2 to 3 mm.23,24 The clinical relevance of this
isolated subsegmental PE is under debate.25-29 It is
unknown how often these isolated subsegmental PEs are
found in AE-COPD. Another important issue is the lack
of clinical markers for identification of PE in AE-COPD.
Early recognition of PE is of vital importance but is
difficult due to the overlap in clinical symptoms.30 This
makes it challenging to recognize the coexistence of PE
in AE-COPD.

Since publication of the previous systematic review on
PE in AE-COPD in this journal in 2009, several well-
performed studies have been published.10,12,23,24,31 The
objectives of this systematic review are (1) to update the
pooled prevalence of PE in unexplained AE-COPD, (2)
to review the localization and clinical relevance of the
filling defects on CTPA, and (3) to identify clinical
markers of PE in unexplained AE-COPD.
Methods
Literature Search

This systematic review was performed in accordance with Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines.32 A literature search for articles written in English was
performed using the MEDLINE (1946 to October 2015) and
EMBASE (1974 to October 2015) databases. The main search
terms were “pulmonary disease, chronic obstructive” and
“pulmonary embolism.” Synonyms of “pulmonary disease, chronic
obstructive” resulted in the terms “chronic obstructive pulmonary
disease,” “chronic airflow obstruction,” “COPD,” “chronic obstructive
airway disease,” “COAD,” “chronic obstructive lung disease,”
“chronic airflow obstruction,” and “obstructive respiratory disease.”
Synonyms of “pulmonary embolism” resulted in “pulmonary
thromboembolism,” “PE,” “chronic lung embolism,” “lung embolus,”
“lung emboli,” “lung microembolism,” “lung microembolus,” “lung
thromboembolism,” “pulmonary emboli,” “pulmonary embolus,” and
“pulmonary microembolism.” In addition, the search term “venous
thromboembolism” and its synonyms were used. All terms were
searched in title, abstract, and as a keyword.

Study Selection

We included studies that reported on the prevalence of PEs in patients
with AE-COPD, provided empirical data, and diagnosed PE based on
CTPA, and we excluded studies that were performed in stable patients
with COPD, were performed retrospectively, or used registries for the
diagnosis of PE. Title screening was performed by one investigator
(L. V.). Evaluation of abstracts followed by evaluation of main
reports was performed independently by two investigators (F. A. and
L. V.). Disagreements were resolved by consultation with a third
investigator (Y. H.). Reference lists of all included articles were
screened, and potentially suitable papers were reviewed.

Study Outcomes

The primary outcome of this study was the prevalence of PE in
unexplained AE-COPD. Secondary outcome parameters were
prevalence of DVT, localization of PE, clinical outcome, and a set of
clinical markers. The latter were divided into patient characteristics,
disease characteristics, clinical symptoms, physical examination
findings, respiratory function, blood gas analysis, laboratory findings,
other diagnostic measurements, clinical prediction scores, and
treatment. More detailed information on the clinical markers that
have been reviewed can be found in e-Table 1.

Data Extraction

Two investigators (F. A. and L. V.) independently extracted
the following data by using a standardized protocol: title,
authors, date of publication, study location, inclusion period,
number of centers, setting, study design, inclusion and exclusion
criteria, study objectives, diagnostic modality, information on
D-dimer testing, number of patients, mean age and range, sex,
prevalence of PE, prevalence of DVT, and localization of PE.
Additionally, clinical markers were extracted; these can be found
in e-Table 1.

Quality Assessment

Two investigators (F. A. and L. V.) independently appraised the quality
of the included studies using the Strengthening the Reporting of
Observational Studies in Epidemiology score, a quality measure for
observational studies. This score has a maximum of 22 points and is
shown in Table 1.

Statistical Analysis

The primary outcome was the prevalence of PE in patients presenting
with an AE-COPD. A double arcsine transformation was performed to
stabilize data variance.33 Heterogeneity among studies was assessed by
using the c2 test, defining a significant heterogeneity as P < .10,
whereas inconsistency was quantified using the I2 statistic.34 As
significant heterogeneity was observed, a random-effects model was
used to calculate the overall pooled prevalence of PE and DVT
in unexplained AE-COPD. To systematically ascertain predictors
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TABLE 1 ] Characteristics of Studies Included With Descriptive Statistics on Rates of PE and DVT

Study/Year Country
Patient Selection

Criteria
Definition of AE-

COPD Setting
Patients With
AE- COPD Age, Mean (SD)

Sex
(% Male)

PE
(%)

DVT
(%) Mortality in PE

STROBE
score

Shapira-Rootman
et al12/2015

Israel All patients
with COPD
admitted to
the hospital
for AE-COPD
and COPD
confirmed by
spirometric
data

Worsening of
dyspnea that
required
admission to
the hospital

Inpatients 49 65.5a 71.4 18.4 NA Not
described

19

Akpinar et al31/
2014

Turkey All patients
with COPD
hospitalized
for AE-COPD
and COPD
confirmed
by medical
history and
medical
records

Worsening in
respiratory
symptoms
beyond normal
day to day
variations that
led to a change
in medication

Inpatients 172 71.31 (9.6) 82.6 29.1 29.1 No
significant
difference

20

Choi et al38/2013 South
Korea

All patients
with COPD
hospitalized
for AE-COPD
and COPD
confirmed by
spirometric
data and
medical
records

Acute
deterioration
from a stable
condition that
required
admission to
the hospital

Inpatients 103 71 (6.0) 70 5.0 6 No
significant
difference

19

Kamel et al40/
2013

Egypt Not described Not described Inpatients 105 49.3 (8.4) 100 28.6 10.5 Not
described

18

Gunen et al39/
2010

Turkey All patients
with COPD
admitted to
the hospital
for AE-COPD
and COPD
confirmed by

Acute
deterioration
from a stable
condition that
required
admission to
the hospital

ED 131 67 (10.1) 79.40 13.7 10.6 Increased
in-hospital
mortality
and
increased
1-y
mortality

19

(Continued)
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TABLE 1 ] (Continued)

Study/Year Country
Patient Selection

Criteria
Definition of AE-

COPD Setting
Patients With
AE- COPD Age, Mean (SD)

Sex
(% Male)

PE
(%)

DVT
(%) Mortality in PE

STROBE
score

medical
history,
medical
records, and
medications
used

Rutschmann
et al41/2007

Switzerland All patients
admitted to
the ED for a
AE-COPD and
moderate to
severe COPD
according to
GOLD
definition

Worsening of
dyspnea that
required
admission to
the ED

Inpatients 123 71 (8.0) 68 3.3 2.2 Not
described

20

Tillie-Leblond
et al11/2006

France All patients with
COPD
admitted to
the hospital
for AE-COPD
and COPD
diagnosed
according to
ATS criteria

Acute
deterioration
from a stable
condition that
required
admission to
the hospital

Inpatients 197 60.5 (12.1) 83.6 25.0 12.7 Not
described

21

AE-COPD ¼ acute exacerbation COPD; ATS ¼ American Thoracic Society; GOLD ¼ Global Initiative for Obstructive Lung Disease; NA ¼ not available; PE ¼ pulmonary embolism; STROBE ¼ Strengthening the Reporting
of Observational Studies in Epidemiology.
aRange ¼ 43-92 years.
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for study heterogeneity, mixed-effects model meta-regression analyses
were performed for the following potential predictors of heterogeneity:
(1) age of study population, (2) sex proportions of study population,
and (3) exclusion of pneumonia (as main difference observed in
study design between included studies). All analyses were conducted
using the R statistical software metaphor package (R Project for
Statistical Computing).35,36
Step 1. Title screening

Titles reviewed by one investigator
according to the criteria

MEDLINE:
888 records

1,6

99

22 m

7 stu

Step 2. Abstract screening

Abstracts reviewed by two
investigators, decisions made by third
independent investigator

Step 3. Evaluation of main reports

Abstracts reviewed by two
investigators, decisions made by third
independent investigator

Figure 1 – Flow diagram of the study selection process and numbers of stud
have fulfilled more than one criterion.
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Localization of the filling defects on CTPA was determined and categorized
into pulmonary trunk, main pulmonary artery, segmental artery, or as
isolated subsegmental PE. In addition, we reviewed whether the presence
and localization of PE affected mortality and the length of hospital
admission. Pooling of data regarding clinical markers was not possible,
as absolute numbers from several studies could not be extracted. Data
on clinical markers were synthesized.
Results

Study Selection

The literature search resulted in 2,997 records in the
EMBASEandMEDLINEdatabases.After limiting the results
to articles written in English, excluding conference abstracts
and duplicate articles, 1,650 unique records remained. Of
these, 1,551 records were excluded based on title. The
remaining 99 abstracts were checked for eligibility, resulting
in exclusionof74abstracts.Twenty-two studieswere selected
for evaluation of main reports. Interrater reliability was 0.86,
defined as “almost perfect agreement.” Interestingly, two
studies were performed by Akpinar et al31,37 in the same
hospital and had the same inclusion period. One of the
studies focused on prevalence of PE in AE-COPD and the
other focused on aD-dimer cutoff value inAE-COPD.Aswe
were unable to state that these were separate study
populations, the study that focused on D-dimer cutoff value
in AE-COPD was excluded.37 After evaluation of the other
main reports, investigators agreed on definitive inclusion of
seven studies.11,12,31,38-41 Study selection and the main
reasons for exclusion are depicted in Figure 1.

Study Characteristics

A total of 880 patients were included in this systematic
review. The seven included studies were performed in six
different countries, and two studies originated in Turkey.
One study recruited patients in the ED, whereas the other
studies included hospitalized patients. Mean age and the
percentage of male patients in the included studies varied
from 49.3 to 71.3 years and 68% to 100%, respectively.
Characteristics of included studies can be found in Table 1.

Pooled Prevalence of PE in AE- COPD

Overall, 16.1% (95%CI, 8.3%-25.8%) of patients with AE-
COPD had PE (Fig 2). The variation between included
EMBASE:
2,109 records

50 records

 abstracts

ain reports

dies included

Main reasons for exclusiona:

1) Uncertainty about AE-COPD
    vs stable COPD (n = 3)
2)  No prevalence number reported
     (n = 4)
3)  Other technique for diagnosis
     (n = 9)
4)  No empirical data (n = 4) 

ies identified. AE-COPD ¼ acute exacerbation of COPD. aStudies could
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Events TotalStudy

Shapira–Rootman et al12 (2015) 9 49
50 172

5 103
30 105
18 131
4 123

49 197

0.18
0.29

0.05
0.29
0.14
0.03
0.25

(0.09-0.32)
(0.22-0.36)

(0.02-0.11)
(0.20-0.38)
(0.08-0.21)
(0.01-0.08)
(0.19-0.32)

12.9%
14.8%

14.2%
14.3%
14.5%
14.4%
14.9%

0.16 (0.08-0.26)

(0.00-0.56)

100%

Akpinar et al31 (2014)

Choi et al38 (2013)
Kamel et al40 (2013)
Gunen et al39 (2010)
Rutschmann et al41 (2007)
Tillie–Leblond et al11 (2006)

Random effects model 880

Proportion W(random)95% CI

Heterogeneity: I2 = 92.2%, tau–squared = 0.0241, P < .0001

0 0.1 0.2 0.3 0.4 0.5

Figure 2 – Prevalence of PE in patients with AE-COPD. PE¼ pulmonary embolism; W ¼ weight. See Figure 1 legend for expansion of other abbreviation.
studies was large, with a prevalence ranging from 3.3% to
29.1%. Six studies reported on the prevalence of DVT in
AE-COPD. The pooled prevalence of DVT in AE-COPD
was 10.5% (95% CI, 4.3%-19.0%) (Fig 3). Mixed-model
meta-regression analyses of age, sex differences, and
exclusion of pneumonia as the main difference in study
design could not determine the main predictors for
heterogeneity observed in included studies.

Localization and Clinical Relevance of PE in
AE-COPD

Five included studies documented embolism
localization, including a total of 726 patients with
COPD, 120 of whom presented with PE in unexplained
AE-COPD.11,31,38,39,41 Of PE cases, 39 (32.5%) had
isolated subsegmental PE. Other localizations included
one of the main pulmonary arteries in 42 cases (35.0%)
and lobar and interlobar arteries in 38 cases (31.67%); in
one case, the embolism was located in the pulmonary
trunk (0.83%) (Table 2). The relation between isolated
subsegmental PE and more proximal localizations of PE
Events TotalStudy

50 172

6 103

11 105

14 131

2 123

25 197

Akpinar et al31 (2014)

Choi et al38 (2013)

Kamel et al40 (2013)

Gunen et al39 (2010)

Rutschmann et al41 (2007)

Tillie–Leblond et al11 (2006)

Random effects model 831

Heterogeneity: I2 = 92.2%, tau–squared = 0.021, P < .0001

0 0.1 0.2

Figure 3 – Prevalence of DVT in patients with AE-COPD. See Figure 1 and

journal.publications.chestnet.org
and clinical outcome was not reported. Three studies
assessed length of hospital admission: two studies found
an increase in PE, whereas one could not detect a
significant difference.31,38,39 Regarding clinical outcome,
in-hospital mortality and 1-year mortality was increased
in patients with PE in AE-COPD in one study39 but not
in another (P ¼ 0.26).38 Gunen et al39 additionally
performed a Cox regression analysis and found that
the presence of VTE was the only factor that increased
1-year mortality.
Clinical Markers of PE in AE-COPD

Included studies considered a broad range of clinical
symptoms, biochemical parameters, and patient and
disease characteristics (eg, age, sex, weight, Global
Initiative for Obstructive Lung Disease stage). An
overview of all clinical markers that have been reviewed
is provided in e-Table 1. Clinical markers that show
significant differences in patients with AE-COPD in the
presence or absence of PE are shown in Table 3. Studies
0.29

0.06

0.10

0.11

0.02

0.13

(0.22-0.36)

(0.02-0.12)

(0.05-0.18)

(0.06-0.17)

(0.00-0.06)

(0.08-0.18)

17.0%

16.3%

16.3%

16.7%

16.6%

17.1%

0.10 (0.04-0.19)

(0.00-0.48)

100%

Proportion W(random)

0.3 0.4

95% CI

2 legends for expansion of other abbreviations.
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TABLE 2 ] Localization of PE Found in AE-COPD

Anatomical Region Cases %

Pulmonary trunk 1 0.8

Main pulmonary arteries 42 35.0

Lobar and interlobar arteries 38 31.7

Isolated subsegmental arteries 39 32.5

Total 120 100

AE-COPD ¼ acute exacerbation of COPD; PE ¼ pulmonary embolism.
that reported on the same clinical marker but did not
detect a statistically significant difference are also
included in Table 3.

Overall, pleuritic chest pain was reported more
frequently in AE-COPD with PE than in AE-COPD
without PE.31,39 Akpinar et al31 and Gunen et al39

found pleuritic chest pain in 81.0% of the PE group
vs 40.0% in the non-PE group and 24.0% in the PE
group vs 11.5% in the non-PE group, respectively.
However, Tillie-Leblond et al11 could not show a
difference (P ¼ 0.73). Signs of cardiac failure such as
hypotension, syncope, and acute right-sided heart failure
on ultrasonography were diagnostic clues associated
with PE, whereas signs of respiratory tract infection was
seen less frequently in PE cases.31,38,39

In general, age, sex, presence of comorbidities
(hypertension, diabetes mellitus, and coronary artery
disease), smoking habits, and BMI did not show a
relation with the risk for PE in AE-COPD, as shown in
e-Table 1. None of the included studies related findings
to exacerbation frequency, severity of exacerbation, or
treatment with glucocorticoids in included patients.

Discussion
Our review shows that PE is common in unexplained
AE-COPD, with an estimated prevalence of 16%.
Moreover, two-thirds of these emboli are located in the
main pulmonary arteries, lobar arteries, or interlobar
arteries, suggesting that the majority of these embolisms
have important clinical consequences. Included studies
reported conflicting results regarding clinical markers.
Overall, patients with PE in AE-COPD more frequently
experienced pleuritic chest pain and had more frequent
signs of cardiac failure. On the contrary, symptoms
suggestive of a respiratory tract infection were reported
less often in patients with PE in AE-COPD. Although
clinical outcome could not be related to embolus
localization, patients with PE in unexplained AE-COPD
seemed to have increased mortality and an increased
length of hospital admission.
550 Original Research
This review shows a slightly lower prevalence of PE
in unexplained AE-COPD compared with a previous
systematic review that reported an overall prevalence
of 19.9%.10 Since publication of this systematic review,
five relevant studies have been published. Two studies
from the previous systematic review were excluded
because our review included solely patients with
AE-COPD.42,43 Inclusion of these two studies to
the analysis would slightly increase PE prevalence
in AE-COPD (18.5%; 95% CI, 10.1%-27.5%). The risk
for PE is strongly increased in unexplained AE-COPD,
especially compared with other inpatient populations
that show PE prevalence rates of 5.7 to 6.0%.44,45

PE may be seen in particular in exacerbations, as
systemic inflammation and thrombosis are closely
related.13,14,19

Markers of systemic inflammation, like the acute-phase
reactants C-reactive protein and fibrinogen, contribute
to the development of thrombotic events.13,20,21 Also,
tumor necrosis factor-a, a proinflammatory cytokine,
contributes to a procoagulant state by induction of tissue
factor and inhibition of anticoagulant protein C.20,22

In AE-COPD, these mediators are markedly increased
systemically, whereas in stable COPD, only a subgroup
of patients show low-grade systemic inflammation.46-48

This may explain lower risk estimates found in
population studies.16,18,19 Therefore, exacerbation
susceptibility and exacerbation frequency could be
important determinants for the development of PE.
In addition, patients with AE-COPD are often treated
with glucocorticoids, which increase the risk for VTE,
especially shortly after initiation of treatment.49

Others have suggested that PE could be a trigger for
AE-COPD or mimic exacerbation-like symptoms in
patients with COPD, since vascular occlusion leads
to bronchoconstriction.30,50-52 This could be another
potential explanation for the high prevalence found
specifically in unexplained AE-COPD.11,39,53 To fully
understand the exact mechanisms involved in the
development of PE in unexplained AE-COPD, further
mechanistic studies are needed.

Two-thirds of the emboli were clinically relevant PE
and were located in more proximal than subsegmental
pulmonary arteries. These more proximally located
emboli have a clear indication for anticoagulation
treatment according to the new ACCP guideline.28 PE
has a general 28-day case fatality rate of 15.1%, which
increases to 32.5% in patients requiring hospitalization
for another condition.19,54 Also, we found increased
hospital stays and mortality in patients with PE.
[ 1 5 1 # 3 CHES T MA R C H 2 0 1 7 ]



TABLE 3 ] Markers for Identification of PE in AE-COPDa

Markers Significant Findings Not Significant Findings

Patient characteristics

Sex Gunen et al39 Akpinar et al,31 Choi et al,38 Tillie-Leblond et al11

Obesity Akpinar et al31 Choi et al,38 Gunen et al,39 Tillie-Leblond et al11

Clinical symptoms

No symptoms of RTI Choi et al38

Increased sputum Choi et al38 Akpinar et al31

Pleuritic chest pain Akpinar et al,31 Gunen et al39 Tillie-Leblond et al11

Physical examination

Hypotension Gunen et al39

Lower leg asymmetry Akpinar et al31 Tillie-Leblond et al11

Syncope Gunen et al39

Respiratory function

FEV1 Shapira-Rootman et al12 Choi et al38

Arterial blood gas

PaCO2 lower in PE Akpinar et al31 Choi et al38

pH value higher in PE Akpinar et al31 Gunen et al,39 Tillie-Leblond et al11

Decrease in PaCO2 Tillie-Leblond et al11

Laboratory findings

NT-proBNP Akpinar et al31 Choi et al38

Polycythemia Kamel et al40

Diagnostics

ECG

AF Gunen et al39

Ultrasonography

Cardiac failure Gunen et al39 Tillie-Leblond et al11

Chest radiography

Atelectasis Shapira-Rootman et al12

Pulmonary artery enlargement Shapira-Rootman et al12

Wells score

Previous VTE Tillie-Leblond et al11 Akpinar et al,31 Gunen et al39

Malignancy Akpinar et al,31 Gunen et al39

Immobility Gunen et al39 Tillie-Leblond et al11

Outcome measures

Length of stay Akpinar et al,31 Gunen et al39 Choi et al38

Mortality Choi et al38

Need for ICU treatment Gunen et al39,a Akpinar et al31

AF ¼ atrial fibrillation; NT-proBNP ¼ N-terminal prohormone of brain natriuretic peptide; RTI ¼ respiratory tract infection.
aCox regression analyses revealed that VTE was the only factor that significantly increased mortality.
One-third of cases of PE in AE-COPD are limited to
isolated subsegmental pulmonary arteries.
Unfortunately, these outcomes could not be related to
embolus localization. This would have been of great
interest, as the clinical relevance of these smaller filling
defects found on CTPA is not well defined.25,55 In
isolated subsegmental PE, anticoagulation treatment
journal.publications.chestnet.org
may be withheld, and clinical surveillance is preferred
under certain circumstances.28

Several clinical markers seem to be related to PE in
AE-COPD, in particular pleuritic chest pain and signs
of cardiac failure. Similarly, symptoms suggestive of a
respiratory tract infection would argue against PE in
551
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AE-COPD. Although formal logistic regression analysis
was not possible owing to the lack of raw data, our study
suggests that these findings merit clinical attention
and should be taken into account in patients with
unexplained AE-COPD. It might add to the clinical
decision-making in patients with an AE-COPD, because
it would be undesirable to perform CTPA in every
patient with an AE-COPD. Unintended adverse effects
such as renal failure and allergic reactions to iodinated
contrast agents should be taken into account. Also, the
liberal use of CTPA in AE-COPD poses the risk of
unnecessary radiation exposure and could increase
health care costs. Currently, efforts are made to safely
withhold CTPA.55 Recent work by van Es et al56 shows
that age adjustment of D-dimer may improve exclusion
of PE to safely withhold imaging in suspected cases.
These findings need further confirmation but may have
important potential to address this issue in patients with
COPD.

The present study has several limitations. The first
and most important limitation is the heterogeneity
of findings observed between included studies, with
prevalence rates of PE ranging from 3.3% to 29.1%. This
makes the mean estimate of 16.1% less stable, and this
estimate should be seen in conjunction with the CI of
8.3%-25.8%. The low prevalence found by Choi et al38

might be explained by ethnicity, as Asians have a lower
risk for the development of VTE (risk ratio, 0.2; 95% CI,
0.1-0.5).57 Yet, the study with the lowest prevalence was
performed in a predominantly white population.41 PE
was excluded in patients with a negative D-dimer result,
which is generally accepted as safe.58-60 Also, small
sample sizes may influence the overall estimate, and
although the random-effects model takes sample size
into account, findings of individual studies may be
skewed. A meta-regression analysis of the potential
predictors of age, sex, and exclusion of pneumonia
(as differences observed in study design) was unable to
determine the main sources for heterogeneity. Since all
552 Original Research
included studies applied comparable criteria for acute
exacerbations and used CTPA for detection of PE, we
cannot completely explain the differences observed
between included studies. This heterogeneity requires
that the findings, mean prevalence in particular, should
be interpreted with caution.

The second limitation is the risk of publication bias.
Studies with findings near the extremes, such as a very
high or very low prevalence, might be easier to publish
due to newsworthiness.61 Also, very low and relatively
high prevalence rates were found in the included
studies used in this review. Although publication bias
seems less relevant for prevalence studies, since findings
are not criticized based on P value, the potential
influence of publication bias should not be
underestimated.62 Additionally, studies that have not
been included in MEDLINE and EMBASE databases
may be overlooked.

Finally, all studies in this systematic review included a
relatively large proportion of male subjects. One of the
included studies found that male sex was associated with
PE in their study, whereas three other studies did not
detect significant differences.11,31,38,39 Male sex has been
shown to be an independent risk factor for VTE in
the general population; however our meta-regression
analysis could not identify sex as a potential predictor of
the findings.63
Conclusions
PE is seen in 16% of patients with AE-COPD, and
two-thirds of these emboli are found at locations that
have a clear indication for anticoagulation treatment.
These findings merit clinical attention. PE should receive
increased awareness in patients with unexplained
AE-COPD, especially when pleuritic chest pain and
signs of cardiac failure are present and no clear
infectious origin can be identified.
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