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Background: Diagnosis of pulmonary embolism (PE) is difficult in
patients with chronic obstructive pulmonary disease (COPD) and
exacerbation.
Objective: To evaluate PE in patients with COPD and exacerbation
of unknown origin and explore factors associated with PE.
Design: Prospective cohort study.
Setting: University-affiliated hospital in France.
Patients: 211 consecutive patients, all current or former smokers
with COPD, who were admitted to the hospital for severe exacerbation of unknown origin and did not require invasive mechanical
ventilation.
Measurements: Spiral computed tomography angiography (CTA)
and ultrasonography within 48 hours of admission and assessment
of the Geneva score. Patients were classified as PE positive (positive
results on CTA or negative results on CTA and positive results on
ultrasonography) or PE negative (negative results on CTA and negative results on ultrasonography or negative results on CTA and no
recurrence of PE at follow-up 3 months later).
Results: 49 of 197 patients (25% [95% CI, 19% to 32%]) met
the diagnostic criteria for PE. Clinical factors associated with PE
were previous thromboembolic disease (risk ratio, 2.43 [CI, 1.49 to
3.94]), malignant disease (risk ratio, 1.82 [CI, 1.13 to 2.92]), and

T

he management of patients with suspected acute pulmonary embolism (PE) has greatly improved in recent
years because of clinical assessment of the probability of
PE, pretest probability, ultrasonography, ventilation–perfusion scanning, and spiral computed tomography angiography (CTA) (1, 2). However, clinical diagnosis of acute
PE is difficult in patients with chronic obstructive pulmonary disease (COPD). Pulmonary embolism resembles
COPD exacerbation so closely that these 2 entities are often impossible to distinguish clinically (3). The reported
incidence of PE in studies done postmortem of patients
with COPD ranges from 28% to 51% (4, 5). Pulmonary
embolism is known to increase the rate of death from
COPD at 1 year (6), but the clinical probability of PE and
the value of noninvasive tests to rule out the diagnosis in
patients with COPD have not yet been clearly assessed. To
date, 2 studies have evaluated PE in patients with this
disorder (3, 7). In the Prospective Investigation of Pulmonary Embolism Diagnosis (PIOPED) study, Lesser and
colleagues (3) examined the characteristics of 108 patients
with COPD and suspected PE; 21 (19%) received diagnoses of PE by pulmonary angiography. In this population,
risk factors, symptoms, and arterial blood gas values were
similar in patients with and without PE. The second study

decrease in PaCO2 of at least 5 mm Hg (risk ratio, 2.10 [CI, 1.23 to
3.58]). A total of 9.2% (CI, 4.7% to 15.9%) of patients with a
low-probability Geneva score received a diagnosis of PE. An exploratory analysis suggested that substituting malignant disease for
recent surgery in the Geneva score might improve its performance
in excluding PE in this sample who were more likely to have
malignant disease than to have had recent surgery. However, this
improvement seems insufficient to exclude PE with enough certainty to withhold therapy for low-risk patients on the basis of the
modified score.
Limitations: This study was done in only 1 center. Patients with
COPD requiring invasive mechanical ventilation in the intensive care
unit were not included. The upper bound of the 95% CI for the
low probability of PE according to the Geneva score is too high to
rule out PE. The classification of COPD exacerbation of unknown
origin was based on the clinician’s assessment, not on a standard
evaluation for all patients.
Conclusion: This study showed a 25% prevalence of PE in patients
with COPD hospitalized for severe exacerbation of unknown origin.
Three clinical factors are associated with the increased risk for PE.
The Geneva score and the modified Geneva score should be prospectively evaluated in patients with COPD.
Ann Intern Med. 2006;144:390-396.
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(7) showed that the presence of COPD does not affect the
diagnostic performance of D-dimer testing, CTA, or pulmonary angiography for PE (7). The true frequency of PE
in patients with COPD in whom PE is clinically suspected
ranges from 19% to 29% (3, 7–9). Thus, clinical detection
of PE in these patients is particularly difficult. In this
study, we prospectively evaluated PE in patients with
COPD exacerbation of unknown origin and examined factors associated with the presence of PE, including the Geneva score (1).

METHODS
Study Objectives

The objectives of our study were to assess the presence
of PE in patients with COPD exacerbation of unknown
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origin and to explore factors associated with the presence of
PE, including the Geneva score.
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Context
Pulmonary embolism (PE) is common in patients with
chronic obstructive pulmonary disease (COPD) exacerbations, and the 2 conditions present similarly.

Study Group

Between April 1999 and December 2002, all consecutive patients with COPD referred to the Lung Department at the 59-bed Lille University Hospital for severe
exacerbation of unknown origin were assessed for PE.
Chronic obstructive pulmonary disease was diagnosed and
its severity was determined according to the criteria of the
American Thoracic Society (10). All patients smoked or
were former smokers. Patients with asthma were not included in the study. Severe exacerbation was defined as
acute deterioration from a stable condition that required
hospitalization. The absence of a lower respiratory tract
infection (increased sputum volume and/or increased sputum purulence, fever, history of cold, and sore throat);
absence of pneumothorax and iatrogenic intervention;
presence of parenchymal condensation without fever and
chills; or presence of a discrepancy between clinical and
radiologic features and hypoxemia severity classified the
exacerbation as of “unknown origin.” Physicians were required to discuss each case of COPD with 1 of the referring physicians. Patients requiring invasive mechanical ventilation were referred to the intensive care unit and were
not included in the study.

Content
For 45 months, every patient presenting with severe
COPD exacerbation of unknown cause received an evaluation for PE that included a spiral computed tomography
scan and color Doppler ultrasonography of the legs.
Twenty-five percent of 197 patients had PE. Malignant
disease, history of thromboembolism, and a decrease in
PaCO2 level relative to baseline were the only factors associated with PE.

Cautions
This was a single-center study.

Implications
We need additional studies to confirm the high prevalence
of PE in unexplained severe exacerbations of COPD and
to study the value of routine testing for PE in patients
with this clinical presentation.
—The Editors

Intervention

All patients were examined within 48 hours of admission to the hospital and had spiral CTA of pulmonary
circulation and color Doppler and venous lower-limb ultrasonography. These are the first-line diagnostic tests for
acute PE at our institution. The decision to perform additional examinations, including D-dimer determination and
ventilation–perfusion scanning, was left to the discretion of
the attending physician.
Our local ethics committee approved the study protocol, which did not require informed patient consent.
Spiral CTA

In 1999, spiral CTA of pulmonary circulation was
performed with a 5Somaton Plus 4A (Siemens Medical
Systems, Forchheim, Germany) using a collimation of 3
mm ! 3 mm, a pitch of 2, and a scanning time of 0.75
second per revolution. The results were read during the
clinical work-up as previously described (9, 11–13). Because the equipment at our institution was upgraded during this study, spiral CTA of pulmonary circulation between January 2000 and December 2002 was performed
with a multislice spiral computed tomography (CT) scanner, using a collimation of 4 mm ! 1 mm, a pitch of 2,
and a rotation time of 0.5 second. All patients with negative results on spiral CTA had a 3-month follow-up visit
after inclusion in the study to assess critical events that
were potentially related to PE. A chest physician reported
death, subsequent admission to the hospital, new symptoms, and use of anticoagulant medications.

Ultrasonography

Venous compression ultrasonography of both legs was
done from the common femoral vein and including the
calf vein. Lack of compressibility was considered to indicate deep venous thrombosis.
Definition

Patients were classified as PE positive (positive results
on spiral CTA or negative results on spiral CTA and positive results on ultrasonography) or PE negative (negative
results on spiral CTA and negative results on ultrasonography or negative results on spiral CTA and no recurrence
of PE at follow-up 3 months later).
Assessment of the Geneva Score

Because the Geneva score (1) was published by the
time our study ended in 2001, we evaluated this score a
posteriori in our sample before reviewing the data on PE.
The probability of PE was expressed as low (a score ! 4),
intermediate (a score of 5 to 8), or high (a score "9)
(Table 1) (1).
Statistical Analysis

Statistical analysis was done by using Epi Info software, version 3.3.2 (Centers for Disease Control and Prevention, Atlanta, Georgia), and CIs were calculated with
StatExact and Stata, version 7 (Stata Corp., College Station, Texas). We calculated risk ratios and exact CIs for the
various risk factors and clinical symptoms and determined
P values using the Fisher exact test. A P value less than 0.05
indicated statistical significance.
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Role of the Funding Source

Table 2. Results of Spiral Computed Tomography
Angiography in Patients Initially Referred for Suspected
Acute Pulmonary Embolism*

No funding was received for this study.

RESULTS
Study Group

A total of 211 consecutive patients with COPD were
referred for severe exacerbation of unknown origin. Fourteen patients were not included in the study because the
results of the spiral CTA and ultrasonography were inconclusive (8 patients) or because of iodine intolerance (6 patients). Thus, the study group included 197 patients with
COPD and severe exacerbation of unknown origin. There
were 165 men and 32 women, and their mean age was
60.5 years (SD, 12.1). A total of 136 patients (69%) were
referred from the emergency department, and 61 (31%)
were inpatients who developed severe exacerbation while
hospitalized. Arterial blood gas values on room air were
61.9 mm Hg (SD, 10.9) for PaO2 and 42 mm Hg (SD, 9)
for PaCO2. The mean number of risk factors for PE per
patient was 0.87 (SD, 0.7).
In 160 of the 197 study patients, results of a pulmonary function test performed within 3 months of the severe
exacerbation were available. The mean FEV1 was 1.56 L
(SD, 0.6), 52% (SD, 19%) of the predicted value. The
mean FEV1–vital capacity ratio was 56.4% (SD, 14.8%).
The severity of respiratory disease was assessed according to
the criteria of the American Thoracic Society (10): grade I,
FEV1 greater than 50% of the predicted value (66 patients
[41%]); grade II, FEV1 between 35% and 50% of pre-

Table 1. The Geneva Score and the Modified Geneva Score*
Variable

Score

Age
60–79 y
"79 y

1
2

Previous PE or deep venous thrombosis

2

Recent surgery (replaced by malignant disease
in the modified Geneva score)

3

Pulse rate >100 beats/min

1

PaCO2
$36 mm Hg
36–39 mm Hg

2
1

PaO2
$50 mm Hg
50–60 mm Hg
61–72 mm Hg
73–83 mm Hg

4
3
2
1

Findings on chest radiography
Platelike atelectasis
Elevation of hemidiaphragm

1
1

* The original Geneva score is discussed in reference 1. A score of 0 to 4 indicates
low risk for PE, a score of 5 to 8 indicates intermediate risk, and a score of 9 to 16
indicates high risk. PE # pulmonary embolism.

Symptoms

Patients with COPD
(n ! 197)

Presence of PE, n (%)
Central, n (%)
Segmental, n (%)
Isolated subsegmental, n (%)
Absence of PE, n (%)
CT scan negative to the segmental level, n
CT scan negative to the subsegmental level, n

43 (22)
20 (46)
21 (49)
2 (5)
154 (78)
84
70

* COPD # chronic obstructive pulmonary disease; CT # computed tomography;
PE # pulmonary embolism.

dicted (67 patients [42%]); and grade III, FEV1 less than
35% of predicted (27 patients [17%]). Forty-nine (25%)
patients were receiving long-term oxygen therapy.
Pulmonary Embolism

All patients had spiral CTA (37 patients had a singleslice CT scan, and 160 had a multislice CT scan), and 180
had venous ultrasonography (Table 2). None of the 197
study patients were thought to have clinical recurrence of
PE during the 3 months of follow-up. Forty-three patients
had positive results on CT. Twenty-five patients had deep
venous thrombosis on ultrasonography; of these patients, 6
had negative results on spiral CTA. Nineteen (44%) of the
43 patients with positive results on spiral CTA also had
positive results on ultrasonography. One hundred fortyeight patients did not have PE, on the basis of negative
results on CT and ultrasonography and negative findings at
3-month follow-up. Thus, the prevalence of PE in our
study group was 49 of 197 patients (25% [95% CI, 19%
to 32%]).
Clinical Characteristics according to the Presence or
Absence of Pulmonary Embolism

The 49 patients with COPD who had PE did not
differ statistically significantly from the 148 patients with
COPD who did not have PE in terms of referral location
(data not shown). We performed a bivariate analysis of
baseline characteristics (Table 3) and clinical characteristics
at admission (Table 4) that were potentially associated
with PE. Clinical symptoms, such as change in dyspnea,
pleuritic pain, hemoptysis, tachycardia (pulse rate "100
beats/min), and edema of the lower limbs, were not associated with PE. The need for long-term oxygen therapy
was not associated with PE. At admission, the level of hypoxemia on arterial blood gas, with a cutoff of 50 mm Hg
(risk ratio, 0.96 [CI, 0.5 to 2]; P # 1.0) or 60 mm Hg
(Table 4), was not associated with PE. The level of PaCO2
on arterial blood gas at admission, with a cutoff of 36 mm
Hg (risk ratio, 1.14 [CI, 0.64 to 2.02]; P # 0.68) or 39
mm Hg (Table 4), was not associated with PE. Recent
trauma or surgery was not identified as a risk factor, but
both events were rare in our patients.
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In contrast, a decrease in PaCO2 of at least 5 mm Hg
from baseline values (risk ratio, 2.1 [CI, 1.23 to 3.58]; P #
0.034), previous thromboembolic disease (risk ratio, 2.43
[CI, 1.49 to 3.94]; P # 0.004), and malignant disease (risk
ratio, 1.82 [CI, 1.13 to 2.92]; P # 0.018) were associated
with PE (Tables 3 and 4).
Evaluation of the Geneva Score

According to the Geneva score (1), 119 (60%) patients
had a low probability of PE (a score !4); of these, 11 (9%)
had confirmed PE. Seventy-five patients (38%) had an intermediate probability of PE (a score of 5 to 8); of these,
35 (46%) had confirmed PE. All 3 patients (100%) with a
high probability of PE (a score " 9) had confirmed PE.
As expected, the age and smoking habits of our study
sample accounted for a high rate of underlying malignant
disease (29%). Twenty patients had lung cancer, 7 had
breast cancer, 5 had bowel cancer, 2 had gastric cancer, 11
had prostate cancer, 8 had head and neck cancer, and 4
had other types of cancer. We recalculated the Geneva
score by replacing “surgery” with “associated underlying
malignant disease” (Table 5). This modification was exploratory and was developed after reviewing the study data.

DISCUSSION
In this study, we showed that the frequency of PE was
25% in a series of 197 consecutive patients with COPD
referred for severe exacerbation of unknown origin. This is
similar to the value of 27% reported in the Geneva study
(1). In contrast with the clinical scores recently developed
for diagnosing PE in unselected patients, the Geneva score
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(1) and the score reported by Wells and colleagues (2), we
found that only 3 factors predicted PE: history of thromboembolism, malignant disease, and a decrease in PaCO2 of
at least 5 mm Hg. Recent surgery, which was rare in the
patients in our study group, was not identified as a risk
factor for PE. Conversely, the clinical symptoms supporting the suspicion of PE, such as hemoptysis, chest pain,
and edema of the lower limbs, did not definitively indicate
PE in our study group. We did not identify age, long-term
oxygen therapy, and severity of COPD as risk factors for
PE. Similarly, right-heart failure identified in 26 patients at
admission was not associated with PE. Only 1 study (14)
has shown that a majority of patients (23 of 26) with emphysema and PE had clinical right-heart failure on admission. Of note, this study was conducted in patients with
life-threatening PE and was based on autopsy data. The
present study did not include patients who required invasive mechanical ventilation or fibrinolysis, and our conclusions are therefore not valid for such populations.
Among the 933 patients in the PIOPED study, the
clinical criteria for PE were evaluated in a subset of 108
patients with COPD. In this subset, 19% received diagnoses of PE. Risk ratios were not calculated (3). Risk factors for PE identified in the present study—malignant disease and history of thromboembolism—were not identified
as risk factors in the PIOPED study (3). Hypoxemia and
hypocapnia are usually associated with PE (1, 8). We evaluated various intervals of values for PaO2 and PaCO2, but
only the decrease in PaCO2 compared with the baseline
value was associated with PE in our study group. Lesser

Table 3. Bivariate Analysis of Baseline Characteristics of the 197 Patients with Chronic Obstructive Pulmonary Disease according
to the Presence or Absence of Pulmonary Embolism*
Patient Characteristics
Age
$60 y
"60 y
Sex
Male
Female
Long-term oxygen therapy
Severity of COPD†
Grade I
Grade II/III‡
Risk factors
Previous PE or deep venous thrombosis§
Malignant disease§
Thrombophilia!
Trauma
Surgery
Obesity
Immobilization "7 d

Patients with COPD,
n (%)

Patients with PE,
n (%)

73 (37)
124 (63)

18 (37)
31 (63)

165 (84)
32 (16)
49 (25)

43 (88)
6 (12)
12 (25)

66 (44)
94 (56)

20 (54)
17 (46)

23 (12)
57 (29)
1
1
5 (3)
30 (15)
12 (6)

12 (25)
21 (43)
1
0
2 (4)
4 (8)
5 (10)

Risk Ratio for PE
(95% CI)

P Value
(Fisher Exact Test)

0.99 (0.60–1.63)

0.99

1.39 (0.65–2.99)

0.50

0.98 (0.56–1.72)
1.68 (0.95–2.95)

0.99
0.087

2.43 (1.49–3.94)
1.82 (1.13–2.92)
–
–
1.63 (0.54–4.92)
0.49 (0.19–1.27)
1.75 (0.85–3.59)

0.004
0.018
–
–
0.59
0.167
0.177

* There were 49 patients with PE and 148 patients without PE. COPD # chronic obstructive pulmonary disease; PE # pulmonary embolism.
† For severity of COPD, data were missing for 12 patients with PE.
‡ Data were missing for 37 patients overall.
§ Data were missing for 2 patients without PE.
! Data were missing for 18 patients.
www.annals.org
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Table 4. Bivariate Analysis of Clinical Characteristics at Admission of the 197 Patients with Chronic Obstructive Pulmonary
Disease according to the Presence or Absence of Pulmonary Embolism*
Patient Characteristics
PaO2†
$60 mm Hg
"60 mm Hg
PaCO2†
$39 mm Hg
"39 mm Hg
Decrease in PaCO2 " 5 mm Hg‡
Dyspnea
Recent onset
Worsening
No change
Cough!
Pleuritic pain¶
Edema of lower limb**
Hemoptysis!
Palpitations††
Pulse rate "100 beats/min
Right-heart ventricular failure‡‡

Patients with COPD,
n (%)

Patients with PE,
n (%)

88 (45)
109 (55)

26 (53)
23 (47)

66 (33)
131 (67)
15 (8)

19 (39)
30 (61)
9 (27)

47 (24)
118 (60)
32 (16)
120 (61)
74 (37)
50 (25)
15 (8)
31 (18)
38 (19)
22 (11)

12 (25)
32 (65)
5 (10)
35 (71)
20 (41)
17 (35)
5 (10)
8 (17)
13 (26)
4 (8)

Risk Ratio for PE
(95% CI)

P Value
(Fisher Exact Test)

1.4 (0.86–2.28)

0.187

1.26 (0.77–2.06)

0.38

2.1 (1.23–3.58)

0.034

1
1.02 (0.82–1.27)
0.71 (0.2–1.56)
1.56 (0.9–2.7)
1.11 (0.68–1.81)
1.46 (0.89–2.38)
1.36 (0.64–2.92)
1.01 (0.53–1.95)
1.51 (0.89–2.56)
0.65 (0.26–1.63)

0.408§

0.126
0.73
0.187
0.53
0.99
0.147
0.44

* There were 49 patients with PE and 148 patients without PE. COPD # chronic obstructive pulmonary disease; PE # pulmonary embolism.
† Arterial blood gas values are reported assuming a fraction of inspired oxygen of 21% at admission.
‡ Decrease in PaCO2 of at least 5 mm Hg with respect to previous arterial blood gas values. Data were missing for 98 patients, 16 of whom had PE.
§ P value computed by using a chi-square test.
! Data were missing for 2 patients without PE.
¶ Data were missing for 4 patients without PE.
** Data were missing for 10 patients without PE.
†† Data were missing for 11 patients without PE and 2 patients with PE.
‡‡ Data were missing for 14 patients without PE.

and colleagues (3) did not find a difference in mean PaO2
and PaCO2 levels between patients with COPD with and
without PE. Previous reports showed that a decrease in
PaCO2 during COPD exacerbation may indicate PE (15–
17). In patients with underlying cardiopulmonary disease,
a normal level of PaCO2 was found in 67% of those with
PE; the specificity of this variable to exclude PE was low
(49%) (18). Prediletto and colleagues (19) showed that
arterial blood gas tests seem to have limited value in diagnosing PE when not included in a clinical score of probability. Rodger and colleagues (17) showed that the negative
predictive value of the end-tidal alveolar dead space measurement was 90.7% in a general population. In a previous
study (20), alveolar arterial gradients of CO2 during forced
expiration in patients with COPD did not support the use

of this technique for diagnosing PE in those with severe
exacerbation of unknown origin.
Patients were compared on the basis of results of spiral
CT scans and ultrasonography. Venous thrombosis in patients with COPD and exacerbation was evaluated in 2
studies, using different techniques (21, 22). In 13 of 29
patients with COPD and exacerbation, venous thrombosis
was diagnosed by using autologous platelet labeling with
indium-111 (21). Prescott and colleagues (22) identified 4
cases of deep venous thrombosis in 45 patients with decompensated COPD, which was diagnosed by 125I-labeled
fibrinogen scanning, contrast venography, or both. In our
study, color Doppler and venous ultrasonography identified deep venous thrombosis in 51% of patients with PE.
These findings are consistent with those observed in a gen-

Table 5. Probabilities of Pulmonary Embolism for the 197 Patients with Chronic Obstructive Pulmonary Disease Computed from
the Geneva Score and from the Modified Geneva Score*
Clinical Risk

Low
Intermediate
High

Geneva Score

Modified Geneva Score†

Patients,
n (%)

Patients with PE
(95% CI), %

Patients,
n (%)

Patients with PE
(95% CI), %

119 (60)
75 (38)
3 (1.5)

9.2 (4.7–15.9)
46.7 (35–58.6)
100 (NA)

93 (47)
88 (45)
16 (8)

3.2 (0–9.1)
38.6 (28.4–49.6)
75 (47.6–92.7)

* We calculated exact 95% CIs for the Geneva score and for the modified Geneva score. The original Geneva score is discussed in reference 1. NA # not applicable; PE #
pulmonary embolism.
† Recent surgery, used in the Geneva score, was replaced by malignant disease in the modified Geneva score (Table 1).
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eral population (23, 24). Color Doppler and venous ultrasonography must be done as first-line tests in patients with
COPD and suspected PE.
Spiral CT technology has gradually replaced pulmonary angiography in many institutions. It now is possible
to obtain uniform opacification of pulmonary vessels, as
small as 2 to 3 mm in diameter, and to analyze peripheral
pulmonary circulation in greater anatomic detail than was
possible with conventional techniques (11, 12). In this
study, we used thin-collimation, single-slice CT and multislice spiral CTA to evaluate patients with suspected acute
PE. It was therefore possible to select high-resolution acquisition protocols. The increasing amount of data for
thin-collimation, single-slice CT is still debated (9, 25, 26).
The negative predictive value of multislice spiral CTA
should be higher than that of single-slice CT. Multislice
spiral CT accurately evaluates pulmonary arteries to the
subsegmental level in a substantially higher proportion of
patients than does thin-collimation, single-slice CT (13,
25, 27). Perrier and colleagues (27) showed that lowerlimb ultrasonography is not needed to rule out PE when
multidetector-row CT is used. There is continuing concern
about the accuracy of single-detector spiral CT for PE (28).
For this reason, in addition to the use of high-resolution
CT protocols, we also followed our patients for 3 months
to exclude the possibility of false-negative CT results at
presentation. Moreover, the diagnosis of PE was not limited to a single diagnostic test; lower-limb ultrasonography
was done as a first-line diagnostic procedure in 92% of our
study group. Six patients who received diagnoses of PE had
isolated positive results on ultrasonography, although CT
results were negative.
Pulmonary embolism was observed in many patients
identified as having low probability with the Geneva score
(risk ratio, 9.2 [CI, 4.7 to 15.9]). Because the upper bound
of the CI for probability of PE is 15.9%, the false-negative
rate is too high to adequately exclude PE. In our study
group, a low-probability Geneva score could not rule out
PE and the use of the modified Geneva score was exploratory. The samples included in the Geneva study (1) and
in the present study differ. Seven percent of patients in the
Geneva study but only 3% of patients in our study had had
recent surgery. In contrast, malignant disease was less common in the Geneva study (13%) than in our sample of
patients who smoked (29%). In our group, malignant disease was associated with PE.
We modified the Geneva score by substituting malignant disease for surgery (Table 1). For low-risk patients,
the modified Geneva score yielded a probability of PE of
3.2% (CI, 0% to 9.1%) (Table 5). This indicates that the
best estimate for the unknown true probability is 3.2%,
but probabilities up to 9.1% cannot be excluded. The possibility that the actual false-negative rate has an upper CI as
high as 9.1% limits the clinical utility of the modified
score.
Our results might be challenged on the basis of 4 po-
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tential limitations. First, patients with COPD and severe
exacerbation requiring invasive mechanical ventilation in
the intensive care unit were not included in the study.
Second, the upper bound of the CI for the low-probability
Geneva score is too high (15.9%) to rule out PE. Third,
although the modified score had a lower false-negative rate
than the Geneva score, this analysis is exploratory and requires additional study. Fourth, the classification of COPD
exacerbation of unknown origin was based on empirical
assessment.
In conclusion, this study showed a 25% prevalence of
PE in patients with COPD who were hospitalized for severe exacerbation of unknown origin, confirming previous
data (3, 7). When severe exacerbation occurred without
purulence of sputum, history of a cold or sore throat,
pneumothorax, or iatrogenic intervention, or when there
was a discrepancy between the clinical and radiologic features and hypoxemia severity, PE was identified in 1 of 4
patients. In this study group, the risk was higher when
patients had previous thromboembolic disease, malignant
disease, and decrease in PaCO2 from baseline. Color Doppler and venous lower-limb ultrasonography should be done
as a first-line evaluation because deep venous thrombosis
was identified in 51% of patients receiving PE diagnoses.
From University Hospital A Calmette, Lille, France.
Acknowledgments: The authors thank Pierre Taupin for biostatistical

help.
Grant Support: None.
Potential Financial Conflicts of Interest: None disclosed.
Requests for Single Reprints: Isabelle Tillie-Leblond, MD, PhD, Lung
Department, University Hospital A Calmette, 1 rue Leclercq, CHRU,
59037 Lille Cedex, France.

Current author addresses and author contributions are available at www
.annals.org.

References
1. Wicki J, Perneger TV, Junod AF, Bounameaux H, Perrier A. Assessing
clinical probability of pulmonary embolism in the emergency ward: a simple
score. Arch Intern Med. 2001;161:92-7. [PMID: 11146703]
2. Wells PS, Anderson DR, Rodger M, Stiell I, Dreyer JF, Barnes D, et al.
Excluding pulmonary embolism at the bedside without diagnostic imaging: management of patients with suspected pulmonary embolism presenting to the emergency department by using a simple clinical model and D-dimer. Ann Intern
Med. 2001;135:98-107. [PMID: 11453709]
3. Lesser BA, Leeper KV Jr, Stein PD, Saltzman HA, Chen J, Thompson BT,
et al. The diagnosis of acute pulmonary embolism in patients with chronic obstructive pulmonary disease. Chest. 1992;102:17-22. [PMID: 1623748]
4. Baum GL, Fisher FD. The relationship of fatal pulmonary insufficiency with
cor pulmonale, rightsided mural thrombi and pulmonary emboli: a preliminary
report. Am J Med Sci. 1960;240:609-12. [PMID: 13687964]
5. Mitchell RS, Silvers GW, Dart GA, Vincent TN, Ryan SF, et al. Clinical and
morphologic correlations in chronic airway obstruction. Aspen Emphysema
Conf. 1968;9:109-23. [PMID 5722654]
6. Carson JL, Terrin ML, Duff A, Kelley MA. Pulmonary embolism and mor-

www.annals.org

Downloaded From: http://annals.org/ by a Imperial College London User on 03/18/2016

21 March 2006 Annals of Internal Medicine Volume 144 • Number 6 395

Article

Pulmonary Embolism in Patients with Chronic Obstructive Pulmonary Disease

tality in patients with COPD. Chest. 1996;110:1212-9. [PMID: 8915223]
7. Hartmann IJ, Hagen PJ, Melissant CF, Postmus PE, Prins MH. Diagnosing
acute pulmonary embolism: effect of chronic obstructive pulmonary disease on
the performance of D-dimer testing, ventilation/perfusion scintigraphy, spiral
computed tomographic angiography, and conventional angiography. ANTELOPE Study Group. Advances in New Technologies Evaluating the Localization
of Pulmonary Embolism. Am J Respir Crit Care Med. 2000;162:2232-7.
[PMID: 11112144]
8. Mispelaere D, Glerant JC, Audebert M, Remond A, Sevestre-Pietri MA,
Jounieaux V. [Pulmonary embolism and sibilant types of chronic obstructive
pulmonary disease decompensations]. Rev Mal Respir. 2002;19:415-23. [PMID:
12417857]
9. Tillie-Leblond I, Mastora I, Radenne F, Paillard S, Tonnel AB, Remy J, et
al. Risk of pulmonary embolism after a negative spiral CT angiogram in patients
with pulmonary disease: 1-year clinical follow-up study. Radiology. 2002;223:
461-7. [PMID: 11997553]
10. Standards for the diagnosis and care of patients with chronic obstructive
pulmonary disease. American Thoracic Society. Am J Respir Crit Care Med.
1995;152:S77-121. [PMID: 7582322]
11. Remy-Jardin M, Remy J, Artaud D, Deschildre F, Duhamel A. Peripheral
pulmonary arteries: optimization of the spiral CT acquisition protocol. Radiology. 1997;204:157-63. [PMID: 9205239]
12. Remy-Jardin M, Baghaie F, Bonnel F, Masson P, Duhamel A, Remy J.
Thoracic helical CT: influence of subsecond scan time and thin collimation on
evaluation of peripheral pulmonary arteries. Eur Radiol. 2000;10:1297-303.
[PMID: 10939495]
13. Remy-Jardin M, Tillie-Leblond I, Szapiro D, Ghaye B, Cotte L, Mastora I,
et al. CT angiography of pulmonary embolism in patients with underlying respiratory disease: impact of multislice CT on image quality and negative predictive
value. Eur Radiol. 2002;12:1971-8. [PMID: 12136315]
14. Ryan S. Pulmonary embolism and thrombosis in chronic obstructive emphysema. Am J Pathol. 1963;43:767-73. [PMID: 14075013]
15. Lippmann M, Fein A. Pulmonary embolism in the patient with chronic
obstructive pulmonary disease. A diagnostic dilemma. Chest. 1981;79:39-42.
[PMID: 6778664]
16. Lippmann ML, Fein AM. Diagnosis of acute pulmonary embolism in patients with COPD [Letter]. Chest. 1993;104:983-4. [PMID: 8365337]
17. Rodger MA, Jones G, Rasuli P, Raymond F, Djunaedi H, Bredeson CN, et

al. Steady-state end-tidal alveolar dead space fraction and D-dimer: bedside tests
to exclude pulmonary embolism. Chest. 2001;120:115-9. [PMID: 11451825]
18. Stein PD, Goldhaber SZ, Henry JW, Miller AC. Arterial blood gas analysis
in the assessment of suspected acute pulmonary embolism. Chest. 1996;109:7881. [PMID: 8549223]
19. Prediletto R, Miniati M, Tonelli L, Formichi B, Di Ricco G, Marini C, et
al. Diagnostic value of gas exchange tests in patients with clinical suspicion of
pulmonary embolism. Crit Care (Lond). 1999;3:111-6. [PMID: 11056733]
20. Grosbois JM, Bart F, Douay B, Fortin F, Dernis JM, Wallaert B. [The
significance of maximal expiratory concentrations of CO2 (MEC CO2) in the
negative diagnosis of acute pulmonary embolism in chronic obstructive bronchopneumopathies]. Rev Mal Respir. 1995;12:35-41. [PMID: 7899665]
21. Winter JH, Buckler PW, Bautista AP, Smith FW, Sharp PF, Bennett B, et
al. Frequency of venous thrombosis in patients with an exacerbation of chronic
obstructive lung disease. Thorax. 1983;38:605-8. [PMID: 6612652]
22. Prescott SM, Richards KL, Tikoff G, Armstrong JD Jr, Shigeoka JW.
Venous thromboembolism in decompensated chronic obstructive pulmonary disease. A prospective study. Am Rev Respir Dis. 1981;123:32-6. [PMID: 7458085]
23. Hyers TM. Venous thromboembolism. Am J Respir Crit Care Med. 1999;
159:1-14. [PMID: 9872811]
24. Musset D, Parent F, Meyer G, Maı̂tre S, Girard P, Leroyer C, et al.
Diagnostic strategy for patients with suspected pulmonary embolism: a prospective multicentre outcome study. Lancet. 2002;360:1914-20. [PMID: 12493257]
25. Ghaye B, Szapiro D, Mastora I, Delannoy V, Duhamel A, Remy J, et al.
Peripheral pulmonary arteries: how far in the lung does multi-detector row spiral
CT allow analysis? Radiology. 2001;219:629-36. [PMID: 11376246]
26. Bourriot K, Couffinhal T, Bernard V, Montaudon M, Bonnet J, Laurent F.
Clinical outcome after a negative spiral CT pulmonary angiographic finding in an
inpatient population from cardiology and pneumology wards. Chest. 2003;123:
359-65. [PMID: 12576352]
27. Perrier A, Roy PM, Sanchez O, Le Gal G, Meyer G, Gourdier AL, et al.
Multidetector-row computed tomography in suspected pulmonary embolism. N
Engl J Med. 2005;352:1760-8. [PMID: 15858185]
28. Van Strijen MJ, De Monye W, Kieft GJ, Pattynama PM, Prins MH,
Huisman MV. Accuracy of single-detector spiral CT in the diagnosis of pulmonary embolism: a prospective multicenter cohort study of consecutive patients
with abnormal perfusion scintigraphy. J Thromb Haemost. 2005;3:17-25.
[PMID: 15634261]

396 21 March 2006 Annals of Internal Medicine Volume 144 • Number 6

Downloaded From: http://annals.org/ by a Imperial College London User on 03/18/2016

www.annals.org

Annals of Internal Medicine
Current Author Addresses: Drs. Tillie-Leblond, Marquette, Perez,
Scherpereel, Zanetti, and Tonnel: Lung Department, University Hospital A Calmette, 1 rue Leclercq, CHRU, 59037 Lille Cedex, France.
Dr. Remy-Jardin: Department of Radiology, University Center Hospital
Calmette, 1 rue Leclercq, CHRU, 59037 Lille Cedex, France.
Author Contributions: Conception and design: I. Tillie-Leblond.

Analysis and interpretation of the data: I. Tillie-Leblond, C.-H. Marquette, T. Perez, A.-B. Tonnel.
Drafting of the article: I. Tillie-Leblond, C.-H. Marquette, T. Perez, C.
Zanetti, A.-B. Tonnel, M. Remy-Jardin.
Provision of study materials or patients: A. Scherpereel, C. Zanetti, A.-B.
Tonnel.

www.annals.org

Downloaded From: http://annals.org/ by a Imperial College London User on 03/18/2016

21 March 2006 Annals of Internal Medicine Volume 144 • Number 6 W-73

