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Abstract

Background: Prevalence of pulmonary embolism (PE), a potentially lethal disease which can mimic exacerbation
of chronic obstructive pulmonary disease (COPD) remains controversial.

Objective of the study: The main objective was to determine prevalence of PE in COPD patients hospitalized
for exacerbation with wheezing at presentation. The secondary objectives were to compare the prevalence of PE
according to COPD GOLD stages and to identify predictive factors for PE in COPD population.

Methods: We conducted a prospective study in all consecutive patients hospitalized for COPD exacerbation of
unknown origin with wheezing at presentation. Patients underwent a spiral computed tomography (CT) angiography
and venous lower-limb Doppler ultrasonography.

Results: 87 patients (71 males, mean age: 67.1 + 11.2 years, 32 GOLD stage-Ill and 24 GOLD stage-IV
patients) had an interpretable spiral CT angiography which showed eight right and five bilateral unsuspected PEs.
Deep vein thrombosis was found in nine patients (associated with PE in three). The prevalence of PE and venous
thromboembolism (VTE) occurred respectively in 14.9% and 21.8%. No statistical differences were found between risk
factors, Geneva score or clinical signs in patients with and without PE. PE was not related to the severity of COPD.

Conclusion: There was a 14.9% prevalence of unexpected PE in patients with exacerbated COPD and wheezing

at presentation. VTE events were not correlated with the severity of COPD.
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Introduction

Nearly 30% of exacerbated chronic obstructive pulmonary disease
(COPD) have no clear aetiology [1]. In this subgroup of patients
admitted for COPD exacerbation, available information on the
prevalence of pulmonary embolism (PE) remains scarce and conflicting
with data ranging from 0% [2] to 29% [3]. Because PE remains a
potentially lethal disease with clinical symptoms that can mimic
exacerbated COPD (increased dyspnoea, tachycardia, hypoxemia and/
or right-sided heart failure) and because Wells and/or Geneva scores
are (usually) intermediate in exacerbated COPD patients, this issue is
of great importance.

Thus, clinicians need tools to cope with the risk of undiagnosed
PE in such COPD patients. In our experience, when exacerbated
COPD is accompanied by wheezing at auscultation, the spectra of
PE becomes substantial [3]. When present, this clinical symptom
which is not systematically found in exacerbated COPD could focus
clinicians’ attention on the possibility of unsuspected PE [4]. To
confirm this hypothesis, we conducted a prospective study to assess
the prevalence of PE in a selected large population of COPD patients
requiring hospitalization for a bronchospastic exacerbation. We also
hypothesized that the more severe the COPD, the higher should be the
prevalence of PE according to the features of these patients (inactivity,
right-sided heart failure, polycythemia and/or advanced age) and thus
looked for relationships between PE and GOLD stage.

Materials and Methods

Study group

From September 2007 to March 2011, all patients hospitalized
for severe exacerbation of COPD of unknown origin with wheezing

at presentation were checked for venous thromboembolism (VTE).
Patients were proposed for spiral computed tomography (CT)
angiography and venous lower-limb colour Doppler ultrasonography
if their Geneva and Wells probability clinical scores [5] were high or if
they were low or intermediate with a positive D-Dimers blood test [6].

COPD was diagnosed before or during hospitalization on the basis
of tobacco exposure, clinical symptoms and pulmonary function tests.
CT scans were performed to detect unsuspected PE but not used to
assess COPD diagnosis. COPD severity was determined according to
the criteria of the American Thoracic Society (2006 GOLD score) [7,8].
Severe exacerbation requiring hospitalization was defined as acute
COPD deterioration with persistent respiratory clinical symptoms
despite repeated bronchodilatators nebulisations delivered in the
emergency room or as acute COPD deterioration with severity criteria
(respiratory frequency >30/min, heart rate >120/min, cyanosis, systolic
arterial pressure <90 mmHg, SpO,<90% and/or pH<7.35).

We excluded COPD patients with an obvious cause of exacerbation
(myocardial infarction, pneumothorax, pneumonia...) and those with
a contraindication for spiral CT angiography, such as a creatinine
clearance <30 mL/min or an allergy to intravenous contrast medium.
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We excluded patients with a non-interpretable spiral CT angiography.

We also excluded from the study patients with a non-high clinical
probability of PE and a negative D-dimers blood test because these
patients did not undergone spiral CT angiography leading to the
impossibility to excluded completely EP in this subgroup of patients.

Patients were hospitalized in intensive care unit (ICU) in case of
haemodynamic instability (systolic arterial pressure [SAP]<90 mmHg),
hypoxemia requiring high concentration of oxygen or mechanical
ventilation and/or respiratory acidosis (pH<7.35). The study was run
for 6 months for all patients.

This study received approval from the Ethics Committee (CPP
Nord-Ouest II, No. 2007/18, Direction Générale de la Santé, No.
DGS2007- 0345). All patients gave written informed consent for their
participation in the study.

Materials

D-Dimers were considered positive if their values were 2500 ng/
mL (D-Dimer Liatest” ELISA assay). Spiral CT angiography were done
within 48h of admission, using a general electric VCT scanner (64 slices)
with the following protocol: acquisition by helical mode collimation of
0.6 mm that covered the entire thorax, injection of non-ionic contrast
iodine (320 mg) through a venous 18- or 20-gauge catheter inserted in
an antecubital vein, use of a syringe for double biphasic injection of 60
ml of product contrast at 4 ml/s, followed by a bolus of 30 ml of saline
solution at 4 ml/s. Smart Prep Software (General Electric) was used
to automatically detect the arrival of contrast bolus in real-time using
predetermined areas (right atrium to pulmonary arteries). The spiral
CT angiography data were immediately interpreted by a radiologist
and checked afterwards by another radiologist who was a referent in
thoracic imaging and not informed of the initial interpretation. In
case of discrepancies between the two interpretations, a third one was
carried out by a third radiologist. The spiral CT angiography data were
always analysed independently from clinical data which were captured
before CT.

Ultrasonographic criteria for deep-vein thrombosis were non-
compressibility or incomplete compressibility of the vein. Patients
underwent a 6-min walk test and functional respiratory tests at the end
of hospitalization and 3 months later.

Statistical analyses

We determined that 89 COPD patients with bronchospastic
exacerbation needed to be included in our study to determine the
prevalence of PE in this population with an « risk of 5%. This value
was calculated from the prevalence (6.2%) reported in the study of
Rutschmann et al. (this study including the largest population of
exacerbated COPD patients) [9]. PE frequency was expressed as a
percentage. We did comparative analysis, according to PE diagnosis or
not, using Fisher’s exact test for qualitative variables and Student’s t-test
or the Kruskal-Wallis nonparametric test according to the distribution
of variables. An univariate survival analysis was done with a Kaplan
Meier curve. A level of p=0.05 was considered statistically significant.
SAS 9.2 software was used for the analysis.

Results

Between september 2007 and march 2011, 97 patients were admitted
to our hospital (Centre Hospitalier Universitaire, Amiens, France) for
acute COPD exacerbation with wheezing at presentation. Among these
patients, five did not achieve the inclusion criteria: two because low
or intermediate clinical scores with negative D-Dimers, one because

chronic renal failure, one patient because obvious signs of pneumonia
24 h after admission and the last one because lacked spirometric data.
Another five patients were excluded from the study because of non-
interpretable spiral CT angiography: one had a deep-vein thrombosis
at presentation and was treated with anticoagulation treatment whereas
the remaining four did not receive any anticoagulant treatment with no
pulmonary embolism and/or deep-vein thrombosis events during the
6 months follow-up.

The remaining eighty seven patients were included in the study
(71 males, mean age: 67.1 £ 11.2 years). Thirty eight patients (43.7%)
had risk factors for PE : cancer (n=13, 14.9%), previous venous
thromboembolism (VTE : deep-vein thrombosis and/or PE) (n=10,
11.5%), venous insufficiency (n=10, 11.5%), obesity (BMI = 25 kg/
m?, n=11, 12.6%), recent surgery (n=10, 11.5%), bone fracture (n=2,
2.3%), central venous catheter (n=2, 2.3%) or known thrombophilia
(n=1). The most frequent underlying disease, after exclusion of PE
risk factors, was chronic heart failure (1n=8, 9.2%). COPD was severe
(32 GOLD stage-III patients and 24 GOLD stage-IV patients) with,
on average, a forced expiratory volume in 1 s (FEV)) of only 42.5 +
16.9% of normal predicted values. No patients were hospitalized the
month preceding their COPD exacerbation. No female patients were
undergoing menopausal hormone treatment.

At admission, all patients were bronchospastic (inclusion criteria)
whereas an increased cough was observed only in 53 patients (60.9%),
an increased sputum volume in 53 (60.9%), a chest pain in 11 (12.6%)
and haemoptysis in 2 (2.3%). Proportions of patients with low,
intermediate and high clinical probability of PE were respectively for
the Geneva score: 14.9%, 73.6%, 11.5%, and for the Wells score: 43.7%,
52.9%, 3.4%. Mean Geneva and Wells scores were respectively: 4.8 + 1.7
and 4.5 £ 1.3.

Among these 87 patients, 41 (47.1%) were admitted into the ICU
(Figure 1). The biological data (at admission) for the group as a whole
are presented in Table 1.

Spiral CT angiography was performed in all 87 patients (inclusion
criteria). Spiral CT angiography interpretations were consistent between
the two blinded radiologists in 79 cases but required a supplemental
interpretation by a third radiologist in eight cases due to discordant
results. Finally, among the 87 patients, spiral CT angiography showed
thirteen unsuspected PEs, eight right PEs and five bilateral PEs. PEs
were proximal in 3 patients, segmental in 4 patients and subsegmental
in the remaining 6 patients. Eighty four patients underwent lower-limb
compression ultrasonography of proximal veins which showed a deep
vein thrombosis in 9 patients (associated with PE in 3 patients).

According these results, the prevalence of unsuspected PE was
14.9% and the prevalence of unsuspected VTE (pulmonary embolism
and/or deep-vein thrombosis) was 21.8%. No statistical difference were
found between COPD patients with and without PE (or VTE) according
to risk factors, Geneva score or clinical signs (Table 2) whereas the
Wells score appeared significantly higher in COPD patients with PE
than without PE (respectively, 5.2 + 1.2 vs. 4.4 + 1.3; p=0.014). Cough
was found less frequently in patients with PE compared to patients
without PE.

PE was not related to the severity of COPD and occurred in 16.7%
GOLD stage-Iand -II patients, 25.9% GOLD stage-III patients and 9.1%
in GOLD stage-IV patients (p=0.34). Despite no significant statistical
differences, unsuspected PE seemed marginally more frequent in
patients admitted into ICU when compared to patients admitted into
standard pneumology ward (respectively: 20.5% vs. 9.8%; p=0.143).
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Figure 1: Flow-chart of the study.

Mean * standard deviation Median [range]
PaO,/FiO, ratio 246.0 +79.1 242.9 [70-467]
PaCO, (mmHg) 53.4+19.5 47 [26-108]
pH 7.35 +0.09 7.36 [7.14-7.80]
Lactate (mmol/L) 1.82+0.94 1.70 [0.6-6.9]
BNP (ng/L) 349.48 + 453.94 166.50 [16-2400]
CRP (mgL) 69.45 + 78.03 32[3-366]
Troponin (ng/mL) 0.15+0.51 0.03[0.0-4.1]
D Dimers ((ug/mL) 1.61+1.04 1.19 [0.52-4]

Table 1: Biological data at admission for the whole population

D-Dimers values were found higher in patients with PE than
without PE (respectively: 2.24 + 1.16 vs. 1.50 + 0.98 pg/mL; p=0.023).
PCO, values were similar between patients with and without PE
(respectively, 46.7 + 14.5 vs. 53.5 £ 21.6 mmHg, p=0.280) (Table 2).

Only one adverse event was notified during the study corresponding
to a patient who developed after the spiral CT angiography an acute
on chronic renal failure (previous creatinine clearance of 52 mL/min).
Nevertheless, his renal function improved after fluid expansion and
previous renal function was recovered. Six patients with a PE died
during the follow-up. The median survival time of patients with PE
was 34 months (CI95%: 22-46) versus 61 months (CI95%: 43-79)
for patients without PE (log rank, p=0.1; Figure 2) According to the
site of PE, no death was observed in the subgroup “proximal’, 3 in
the subgroup “segmental” and 3 in the subgroup “sub-segmental”. No
statistical analysis could be done on these too small data.

Discussion

This prospective monocentric study found a 14.9% prevalence
of pulmonary embolism (PE) and a 21.8% prevalence of venous
thromboembolic disease (VTE) in patients hospitalized for exacerbated
COPD with wheezing at presentation. Moreover, these unexpected PE
or VTE events were not correlated with the of COPD severity.
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z‘:::;:)E group PE group (n=13) p

Age, mean = SD 66.5+ 11.10 70.77 £ 12.33 0.212
PE risk factors, n (%) 31 (41.9%) 7 (53.8) 0.307
Cancer history, n (%) 10 (13.5) 3(23.1) 0.3
GOLD Il and IV, n (%) 47 (64.4%) 9 (69.2%) 0.552
FEV1 (% pred), mean + SD 416171 47.1+£15.9 0.28
Intensive care unit, n (%) 35 (48.6%) 9 (69.2%) 0.143
Wells score, mean + SD 442 +1.29 523+1.23 0.04
\(/&e-)lls score higher than 5, n 14 (18.9) 6 (46.2) 0.04
Geneve score, mean + SD 4.68 +1.68 5.23 +£1.59 0.278
Increased cough, n (%) 50 (67.6%) 3(23.1%) 0.003
L”E"f)ased sputum volume, 47 63 59, 6 (46.2%) 0.19
Chest pain, n (%) 9 (12.2%) 2 (15.4%) 0.517
D Dimer (ug/mL), mean+ SD | 1.50 + 0.98 2.24 +1.16 0.02
PaO,/FiO, ratio, mean + SD 2429+73.9 263.1+106.9 0.439
PaCO, (mmHg) mean + SD 54.53 + 20.06 46.72 £ 14.49 0.183
Lactate (mmol/L), mean + SD 1.82 +0.99 1.82+0.45 0.992
pH, mean + SD 7.34 +£0.99 7.36+0.83 0.479
CRP (mg/mL), mean + SD 70.87 +74.88 61.38 +97.15 0.688
Troponin (ng/mL), mean £+ SD 0.14 + 0.54 0.22+0.29 0.62
BNP (ng/mL), mean + SD 350.57 + 474.27 343.40 + 336.98 0.964

PE=Pulmonary Embolism. FEV,=Forced Expiratory Volume in 1 second. CRP=C
Reactive Protein. BNP=B Natriuretic Protein.

Table 2: Comparisons of anthropometric, clinical, functional and biological data
between patients with pulmonary embolism (PE group, N=13) and patients without
pulmonary embolism (Non PE-group, N=74).

Pulmonary

embolism
—No
—Yes
—+—O-censored

= 1-censored

Cumulative Survival

L L T
0,00 20,00 40,00 50,00

Time (months)

Figure 2: Mortality rates according to the presence or not of a pulmonary
embolism.

When considering COPD exacerbation, the prevalence of PE
seems to differ between patients that require hospitalization and those
who do not. According to the 2009 meta-analysis [8], the prevalence
of PE in patients with exacerbated COPD ranges from 3.3% when
evaluated in an emergency department [9] to 19-29% in outpatients
and inpatients [10,11] reaching a maximum of 25-29% in patients
requiring hospitalization [3,12]. In our study, subgroup analysis shows
that VTE tended to be more frequent in COPD patients that required
ICU hospitalization compared to those who were hospitalized in the
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pneumology ward (respectively, 20.5% vs. 9.8%, NS) but this assertion
remains to be confirmed regarding the conflicting data recently
published on PE prevalence in patients hospitalized in medical centers:
8% in a Korean population [13] versus 18% in an Israelite population
[14]. These discrepancies suggest that other risk factors than COPD
exacerbation by itself or hospitalization-induced immobilization lead
to PE such as comorbidities exposing to a supplemental risk of PE (i.e.
cardiovascular disease, cancer, etc...).

When comparing our exacerbated COPD patients with wheezing
at presentation, cough appeared less frequent with Wells or Geneva
clinical scores higher in patients with PE than without PE suggesting
that exacerbation in patients without PE might be related to a viral
and/or bacterial bronchitis (Table 2). As Choi et al. [13], we found that
increased values of plasma D-dimers (=500 pg/L) was a significant
predicting factor of PE but no correlations were found between
unexpected VTE events and the severity of COPD assessed through
the GOLD stages. This result invalidated our hypothesis that the most
severe COPD patients are more exposed to VTE and that such VTE
events could explain in part the increased mortality observed in the
literature in patients from GOLD stage 1 to GOLD stage 4 [15-17]. No
other difference in VTE risk factors were observed between patients
with PE and without PE and this negative result is probably due to the
high homogeneity of the population studied.

COPD patients exposed to PE events are usually old and obese
male patients [18] but no real specific phenotype has been identified.
Our results are confident to those of Tillie-Leblond et al. [12] showing
that exacerbated COPD with PE had significantly higher clinical scores
(Geneva and/or Wells) and D-Dimer values than patients without PE.
In this study, previous thromboembolic disease, malignant disease and
decreased PaCO, (of at least 5 mmHg) were also significantly associated
with PE [12]. Hypocapnia, but also hypoxemia, both typically related to
PE [3,5,12], were not observed in our study where blood-gas data were
similar between COPD patients with and without PE contrary to our
previous study showing significant lower PaO, values in exacerbated
COPD patients with PE [3]. Because 47.1% of exacerbated COPD
patients of the present study were admitted to ICU, the blood gases
disorders related to the exacerbation severity could have masked the
specific blood gases variations induced by PE. This result is concordant
with the Prospective Investigation of Pulmonary Embolism Diagnosis
study [10] or in the large study conducted by Schonhofer and Kohler
[19] where arterial blood-gas values were similar between PE and non-
PE COPD patients admitted to a respiratory ICU without concomitant
major comorbidities.

This study had several limitations: this is a single centre study,
the sample size is small, spiral CT angiography was not proposed
to COPD patients with a non-high clinical probability of PE and a
negative D-dimers blood test at presentation and finally patients with
exacerbated COPD without wheezing were not included in the study.
In this highly selective COPD population, the PE prevalence appeared,
at least, three-fold higher than those of incidental PE [20] which is not
surprizing as it is well known that COPD is characterized not only by
a local pulmonary inflammatory response associated with prolonged
exposure to noxious gases like tobacco smoke but also by a chronic low
grade systemic inflammatory response.

PE is an unquestionably important cause of death with a 3-month
mortality rate of 15-18%, even with adequate anticoagulant therapy
[21]. In COPD patients, the risk of mortality nearly doubles in case
of PE [21] and any delay or in the initiation of treatment is known
to impair prognosis [22]. However, management using the current

standard-of-care (warfarin) is not easy, requiring frequent blood
tests, dietary changes and the constant fear of a major bleed if the
international normalized ratio is above the target range. Moreover,
anticoagulant therapy remains questionable for isolated subsegmental
PE, as the risk of a major bleed is greater than for those with recurrent
venous thromboembolism (respectively, 5.3% vs. 0.7%) [23]. At this
part of the discussion, many questions remain unanswered: should we
treat our patients who are hospitalized for unexplained exacerbated
COPD if an isolated subsegmental PE is found? Can subsegmental PE
induce exacerbation in such patients or is this finding the consequence
of the overuse of spiral CT angiography, as recently suggested by
Wiener et al. [24]? In our study, we decided to treat with standard
anticoagulant therapy all COPD patients with PE whether it was an
isolated subsegmental or a bilateral PE. The anticoagulant therapy did
not induce any major bleeding and led to significant benefits in terms
of 3-month mortality rates. No statistical differences in outcome were
found between patients with proximal, segmental or subsegmental
PE. The poor long-term prognosis observed in case of PE occurring
in exacerbated COPD patients could justify a prolonged anticoagulant
therapy even in case of subsegmental PE but this result needs to
be confirmed by larger study (too small subgroups for an accurate
statistical analysis).

To conclude, a 21.8% prevalence of thromboembolic disease was
found in patients with exacerbated COPD and wheezing at presentation
and these unexpected venous thromboembolism events were not
correlated to the severity of COPD.
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