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The challenge of diagnosing acute pulmonary
thromboembolism in patients with chronic obstructive
pulmonary disease*
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ABSTRACT
Pulmonary thromboembolism and exacerbation of chronic obstructive pulmonary disease are common conditions. Chronic
obstructive pulmonary disease is a clinical risk factor for pulmonary thromboembolism. The presentation of acute
pulmonary thromboembolism and acute exacerbation of chronic obstructive pulmonary disease often mimic each other
so closely that they cannot be distinguished clinically. The structural abnormalities of the lungs in chronic obstructive
pulmonary disease make also difficult to interpret the results of noninvasive tests like ventilation-perfusion lung scans.
Therefore, diagnosing acute pulmonary thromboembolism in patients with underlying chronic obstructive pulmonary
disease is a challenging task. In order to update knowledge of the subject and offer suggestions regarding conduct, we
evaluated various studies addressing this theme, including case reports and case series. In addition, we reviewed diagnostic
approaches to acute pulmonary thromboembolism, and we reflect upon that topic. The clinical probability of pulmonary
thromboembolism concomitant to chronic obstructive pulmonary disease is typically intermediate, as is positivity on the
ventilation-perfusion lung scan. Diagnostic algorithms should take that into consideration.
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PULMONARY THROMBOEMBOLISM

The incidence rates of initial manifestation of
venous thromboembolism (VTE), in its deep vein
thrombosis (DVT) and acute pulmonary
thromboembolism (PTE) forms, are quite difficult to
established for various reasons, among which are
underdiagnosis, lack of confidence in the case
registries, inconsistent autopsy services and lack of
accuracy on death certificates.

In some epidemiologic studies, it has been
estimated that the incidence of VTE is approximately
100 cases per 100,000 people, with less than five
cases per 100,000 among people under fifteen years
of age, and approximately 500 cases per 100,000
among people in their eighties. The incidence of VTE
increases with age, approximately doubling every
decade after forty years of age. In hospitalized
patients, PTE is considered the most frequent acute
pulmonary complication. Manifestations of VTE are
seen in up to 1% of hospitalized patients in general
hospitals. Approximately 10% of all in-hospital deaths
are attributed to PTE.(1-5)

A common condition, PTE is potentially fatal within
the first hours after the occurrence of the acute event
and has been correlated with high mortality if not
promptly diagnosed and treated. Approximately 10%
of all acute PTE events rapidly evolve to death, which
typically occurs within the first two and a half hours
after the onset of symptoms. Even when promptly
diagnosed and treated, approximately 5% of patients
die from PTE. General mortality has stabilized at
approximately 30%, encompassing PTE as the
determining, contributing or associated cause of
death. Half of the deaths resulting from acute PTE
occur in patients who have already survived the acute
phase of a life-threatening underlying disease. In
patients who survive the acute event and are treated
for at least three months with anticoagulants, fatal
recurrence of PTE is rare. Clinically, acute VTE
expresses itself as PTE in one-third of all patients,
and as DVT in two-thirds.(5-8)

CHRONIC OBSTRUCTIVE PULMONARY
DISEASE

Chronic obstructive pulmonary disease (COPD) is
a condition of increasing prevalence and a significant
cause of morbidity and mortality worldwide. In 1990,
the prevalence of COPD per 100,000 inhabitants was

698 for males and 379 for females in developed
countries, compared with 934 for males and 733 for
females worldwide.(9-12)

In the USA, COPD has become the fourth leading
cause of death, affecting approximately 20% of the
adult population, and, among the ten leading causes
of death, it is the only one that is still on the rise. In
the United Kingdom, 15% to 20% of males over 45
years of age and approximately 10% of females in
the same age bracket present chronic cough and
expectoration. In addition, approximately 4% of
males and 2% of females are diagnosed with COPD.
These rates increase after the age of 45.(12) In Western
Europe, 3 million people suffer from COPD in Spain,
compared with 2.7 million in the United Kingdom,
2.6 million in Germany, 2.6 million in Italy and 2.6
million in France.(9-12) Worldwide, approximately 44
million people suffer from COPD, which is considered
the sixth leading cause of death.(10)

According to the International Classification of
Diseases, Tenth Revision, COPD mortality was
approximately 50 per 100,000 white males in the
USA. Mortality rates were lower for black males, white
females and black females.(11) In the United Kingdom,
COPD is implicated in approximately 6% of all deaths
among males over 45 years of age and 4% of all
deaths among females in the same age bracket.
Overall COPD mortality is 200 to 300 per 100,000
people in the 45 to 64 age bracket.(10,12)

ACUTE COPD EXACERBATIONS

First and foremost, it has to be taken into
consideration that there is a tendency to use the
word "exacerbation" to describe a situation in which
symptom worsening (exacerbation) occurs on a
particular time scale (acute).

In general, COPD is a progressive disease
presenting gradual worsening of symptoms and
physiopathological manifestations. The acute
exacerbations reduce quality of life, and the results
of studies evaluating their impact on overall
deterioration remain inconclusive.(13-14)

Exacerbations of COPD constitute a quite common
cause of hospitalization. In-hospital mortality for
patients admitted with acute COPD exacerbation and
hypercapnia is 11%, and mortality within a year after
discharge is 43%.(15)

The main physiopathological abnormality in acute
exacerbations is the worsening of gas exchange,
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principally resulting from increased imbalance of the
alveolar ventilation/perfusion (V/Q) ratio. As a result,
hypoxemia increases, there is a need to increase the
minute volume to compensate for the extension of
the alveolar dead space, respiratory effort increases,
respiratory muscle stress can occur, and hypercapnia
can develop. Depending on the cardiac index, there
might be an increase in the arteriovenous oxygen
difference and reduction of the mixed venous blood
oxygen saturation, thereby contributing to
hypoxemia.(16) The most common causes of acute
COPD exacerbation are tracheobronchial infection and
air pollution, followed by pneumonia, pulmonary
embolism, pneumothorax, broken ribs, right or left
ventricular failure and arrhythmia, as well as
inappropriate use of sedatives, narcotics or beta
blockers.(17)

PTE DIAGNOSIS

The diagnosis of PTE requires that the embolus
be identified through objective tests. There is no
clinical means of diagnosing PTE, since its occurrence
cannot be confirmed or excluded through signs or
symptoms. However, a clinical suspicion based on
the use of criteria to establish levels of probability
and including clinical scores, with or without
supporting tests, is essential for the advancement of
the diagnostic process.(18-20) In cases of suspicion with
high or moderate (intermediate) clinical probability,
it is imperative that treatment with heparin be
initiated, thereby protecting the patient during the
hours preceding the definition of the diagnosis.(21-22)

In general terms, it can be said that PTE should be
suspected when there are compatible signs and
symptoms, together with risk factors, and there is no
more likely diagnosis.(18-20, 23-25)

The clinical presentation of PTE encompasses a
wide spectrum of variations: from the silent, virtually
asymptomatic, event to the sudden death profile. The
principal clinical manifestations are tachypnea,
pleuritic chest pain, tachycardia, anxiety, cough and
hemoptysis.(23-25) Clinical manifestations of DVT might
also be observed, and risk factors might be identified.
More than the isolated symptoms themselves,
combinations of symptoms have been more
expressive for the development of clinical suspicion.(24)

The clinical risk factors for VTE are those that
provide the basic conditions for venous
thrombogenesis. There are various medical conditions

that predispose a patient to developing venous
thrombosis. Independent risk factors for VTE include
surgery, trauma, cancer chemotherapy, being over
40 years of age, decompensated congestive heart
failure, chronic diseases that limit movement,
thrombophilia, heterozygosity, thrombophilic/
heterozygotic status and antiphospholipid antibody
syndrome. Oral contraceptive use, hormone
replacement and puerperal pregnancy constitute
acquired risk factors in women.(1-2,4) Tests used for
diagnostic confirmation have evolved as a result of
new imaging resources and the greater value now
assigned to D-dimers.

The confirmation of a diagnosis of PTE is based
on the following criteria: scintigraphic V/Q mapping
of the lung resulting in a high probability; perfusion
scintigraphy of the lung consistent with PTE when
chest X-rays are normal in the areas affected by
perfusion defects; mapping revealing inconclusive
abnormalities together with objective identification
of DVT; positive spiral computed tomographic
angiography (CTA); and positive pulmonary
arteriogram.(20-21,26) Criteria for excluding a diagnosis
of PTE include normal or quasi-normal perfusion
scan, normal pulmonary arteriogram (despite a 3%
rate of false-negative results and interobserver
discrepancy for subsegmental emboli), inconclusive
V/Q mapping results accompanied by negative DVT
studies, negative multidetector-row CTA (to be
confirmed); and normal levels of the D-dimers
associated with low clinical probability.(20-21,26-28)

Developing pretest suspicion based on an accurate
clinical evaluation is an essential stage in the
diagnostic process, facilitating the posttest definition
and resulting in a better cost-effectiveness ratio.
However, as evidence of the difficulties of developing
a solid suspicion, various quite well-delineated
prospective studies have demonstrated that objective
confirmation of PTE is below 40% among suspected
cases,(27-29) and that approximately 70% of PTE
cases diagnosed during autopsies were not previously
suspected by the attending physicians.(30)

OCCURRENCE OF PTE IN PATIENTS
WITH COPD: EVIDENCE

The prevalence of COPD as a clinical risk factor
for PTE has varied in some epidemiological studies.
In the Worcester study, which involved 450 patients
with initial VTE episodes, COPD was found in 18%
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of the patients with PTE and in 34% of the patients
with DVT.(1) In the ICOPER study, 12.4% of the
patients with PTE presented COPD.(25) In the Olmsted
study (Minnesota, USA), the univariate logistic
analysis of VTE potential risk factors showed that
the odds ratio for patients with COPD was 1.2 (95%
confidence interval: 0.89 - 1.70), using a population-
based objective diagnosis for a first manifestation of
VTE in comparison to community controls.(2,4) In the
multivariate analysis, COPD was not found to be an
independent risk factor for VTE.(2,4)

Among the authors referred to in our study, there
is a consensus that the significance of COPD as a
clinical risk factor for PTE results from related factors
such as age, sedentary lifestyle, immobility,
decompensated congestive heart fai lure,
asymptomatic malignancy, and, possibly,
hypoxemia-related polyglobulia. Venous thrombosis
can be the cause or the consequence of acute
exacerbations, since they increase VTE risk factors,
especially accentuating dyspnea upon exertion.

It is known that approximately 90% of venous
thromboses occur in the deep venous system of the
lower limbs. The predominant origin are the veins of
the calf of the leg, where the thrombus formed may
suffer lysis, remain in place or extend to proximal
veins (in approximately 20% of cases). As it reaches
the deep proximal venous system, the thrombus
increases its potential to cause pulmonary embolism
(in approximately 45% of cases).(31)

In one study, the authors investigated DVT in 45
hospitalized patients with acute decompensated
COPD, using iodine 125-labeled fibrinogen V/Q
mapping, contrast phlebography, ultrasound and
impedance plethysmography.(32) They found 4 patients
(8.9%) with DVT (2 with thrombosis limited to the
calf and 2 with distal and proximal thrombosis). In 2
patients, DVT was detected upon admission. Out of
the 33 patients evaluated with iodine 125-labeled
fibrinogen, only 2 (6%) were diagnosed with DVT
during hospitalization, and that was considered a
complication of COPD exacerbation.

Another study involved 196 patients with acute
COPD exacerbation, from moderate to severe intensity,
hospitalized in a respiratory intensive care unit,
through lower limb compression ultrasonography.(33)

The authors found DVT in 21 patients (10.7%), 18
of whom were asymptomatic. All of the cases were
unilateral.

Another group of authors studied 223 patients

maintained on mechanic ventilation due to acute
decompensated COPD.(34) One group received
nadroparin, a low molecular weight heparin, and the
other received a placebo. Compression
ultrasonography and color Doppler ultrasonography
were used to identify DVT, which was found in 15%
(13/84) of the nadroparin group patients and in
28.2% (24/85) of the placebo group patients (p =
0.045). Regarding location, 3 cases in the nadroparin
group were proximal, and 10 were distal, whereas
the control group presented 7 cases of proximal DVT
and 17 cases of distal DVT. The use of subcutaneous
nadroparin resulted in a 45% reduction in DVT
incidence.

Another study evaluated the presence of DVT in
56 hospitalized patients with acute COPD
exacerbation from moderate to severe intensity.(35)
The authors used compression ultrasonography/color
Doppler ultrasonography in all cases and contrast
phlebography in 2 patients. The results of the
contrast phlebography were inconclusive, but the
ultrasonography identified DVT in six patients
(10.7%).In eight patients suspected of having PTE
based on symptoms, hypocapnia or suggestive chest
X-ray, V/Q mapping was performed. Five patients
presented a V/Q with a high probability of PTE. Of
the patients studied, 16% were diagnosed with VTE.
There was no indication of the location of DVT in
this study.

Yet another group of authors presented three cases
of patients with severe COPD with angiographically-
documented PTE, emphasizing that clinical and
scintigraphic studies were not very useful in making
a diagnosis.(36) The clinical manifestations were a
sudden worsening of dyspnea and reduced exercise
tolerance. The three patients presented sharp
increases in alveolar ventilation and reduced arterial
carbon dioxide tension (PaCO2), as well as hypoxemia.
These changes in arterial gases in patients with severe
COPD should suggest PTE rather than exacerbation
of bronchial obstruction. The V/Q mapping revealed
discordant multiple bilateral segmental defects in one
case and concordant defects in another case. No V/
Q mapping was performed in the third case. The
authors contended that inactivity and right cardiac
insufficiency were the predisposing factors for VTE,
and recommended the following: PTE should be
suspected in any patient with COPD and cor
pulmonale whose dyspnea presents rapid worsening
and does not respond to conventional bronchodilator
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treatment; in previously hypercapnic patients, PTE
diagnosis should be supported by a finding of
reduced PaCO2; clinical and scintigraphic signs should
not be considered useful in the differentiation
between PTE and acute COPD exacerbation; and
angiography should be performed to confirm PTE
diagnosis in patients with severe COPD.

Another study involved two patients with acute
massive PTE (obliteration of pulmonary circulation >
50% seen on the angiogram).(37) Both patients had
pronounced alveolar-arterial oxygen gradient (one
patient presenting arterial oxygen tension of 62
mmHg with a 100% fraction of inspired oxygen; and
another, who was receiving oxygen via face mask,
presenting arterial oxygen tension of 45 mmHg with
a 40% fraction of inspired oxygen). The multiple inert
gases elimination technique was used to determine
the distribution of the V/Q ratio. An increased
imbalance of the V/Q ratio was found in both patients,
resulting entirely from the greater ventilation of units
presenting high V/Q ratios (> 1.0). No blood flow
perfusion was found in areas with V/Q ratios below
1.0. Both patients presented considerable blood flow
(20% to 39% of the cardiac index) perfusing
nonventilated lung units (shunt). In addition, the
percentage of minute volume redirected to
underperfused lung units, as well as the dead space/
tidal volume ratio (as determined by the Bohr
equation), increased. The fact that 82% of the minute
volume was driven to the dead space area, together
with the observation that there were regions
presenting high V/Q ratios, can explain the PaCO2 of
42 mmHg, despite a minute volume of 17 liters (dead
space/tidal volume ratio of 78%), seen in one of the
patients. The other patient presented a PaCO2 of 24
mmHg (minute volume of 13 liters and dead space/
tidal volume ratio of 54%). The authors concluded
that, regarding these two patients with massive PTE,
V/Q imbalance did not play a predominant role in
hypoxemia, and that the increase in the alveolar-
arterial oxygen gradient could be attributed to the
large short-circuit (shunt) that was found.

The most probable causes of large shunts in the
acute PTE scenario are pulmonary edema and
atelectasis (with or without pulmonary infarction).
The mechanism of formation of pulmonary edema
might be the release of mediators that produce
increased permeability and elevated pulmonary
capillary hydrostatic pressure, both accompanied by
increased fluid infiltration into the lung parenchyma.

The mechanisms proposed for hypoxemia in acute
PTE include right-left shunt, diffusion impairment,
V/Q imbalance and desaturation of the mixed venous
blood through the increased arteriovenous oxygen
gradient.

One case of refractory hypercapnia secondary to
massive PTE was reported in a patient without any
underlying heart or lung disease.(38) The authors of
that report briefly reviewed various case reports of
patients with massive PTE and hypercapnia, despite
the increase in minute volume with spontaneous or
mechanical ventilation.

In another report, the case of an 81-year-old
patient with severe COPD, the apparent profile of
acute COPD exacerbation and a two-week history of
dyspnea and productive cough with purulent sputum
was presented.(39) Arterial blood gas analysis on room
air revealed arterial oxygen tension of 43 mmHg,
PaCO2 of 38 mmHg and pH 7.43. The patient was
treated with antibiotics, prednisolone and
bronchodilators. His cough and sputum production
diminished after one week of treatment, although
his dyspnea continued. The spiral CTA revealed PTE
involving the right pulmonary artery.

Another study investigated 83 patients with COPD
and suspected PTE using V/Q mapping.(40) The
mapping results were categorized as high probability,
inconclusive or low probability. The authors found
PTE in 19 of the 22 cases with high probability
mapping results (86%), in none of the 2 cases with
inconclusive mapping results (0%) and in 4 of the
59 cases with low probability mapping results (7%).
The general sensitivity of the V/Q scintigrams was
83%, and the specificity was 92%. False-negative
results were obtained in 3 (19%) of the 16 patients
presenting abnormalities in over 50% of the lung
fields in the ventilatory study. In the 67 patients who
presented ventilatory abnormalities in less than 50%
of the lung fields, V/Q mapping presented 95%
sensitivity and 94% specificity for PTE diagnosis. The
authors concluded that, regardless of the COPD
diagnosis, V/Q mapping constitutes a reliable method
of detecting PTE if the abnormalities in the ventilatory
component are limited.

Another group of authors evaluated the impact
that previous cardiopathy or lung disease has on the
usefulness of V/Q mapping in the diagnosis of PTE
in patients enrolled in the PIOPED study.(27)

Scintigraphies from 365 patients with no history of
previous diseases (117 with PTE), were compared
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with those from 526 patients with underlying
cardiopathies or lung diseases (140 with TEP).(41) The
results revealed that the positive predictive value for
high probability V/Q was of 83% for cases with
underlying diseases and 93% for patients without
underlying diseases, a difference that was considered
less than significant. The sensitivity of studies of high
probability V/Q was 39% for patients with underlying
diseases and 43% for those without underlying
diseases, also considered a less than significant
difference. In V/Q studies of patients with confirmed
PTE, intermediate probability was found in 39% of
the patients without underlying diseases and in 26%
of the patients with underlying diseases (p < 0.02).
The specificity of a high probability V/Q mapping
was 97% in patients with underlying diseases and
98% in those without underlying diseases, also
considered a less than significant difference. The
authors concluded that the diagnostic utility of V/Q
mapping for acute PTE was not impaired by pre-
existing heart or lung diseases, although intermediate
probability (inconclusive) results were less common
in patients with underlying diseases.

In another study,(42) the clinical characteristics and
the results of noninvasive tests, including V/Q
mapping, were evaluated in 108 patients with COPD
and suspected PTE who were part of the general
PIOPED study sample.(27) A total of 21 patients (19%)
were definitively diagnosed with PTE (20 by
angiography and 1 by autopsy), although PTE
remained unconfirmed in 87 patients. There were no
significant differences among the groups of patients
with and without confirmed PTE in terms of clinical
manifestations, chest X-ray findings and arterial blood
gas analysis results. However, in patients with PTE,
pleuritic chest pain was more frequent than in those
without PTE, although the difference was less than
significant. The alveolar-arterial oxygen gradient in
the group with PTE was 64 ± 59 mmHg, compared
with 89 ± 116 mmHg in the group without PTE (the
fraction of inspired oxygen varied). In the same two
groups, PaCO2 was 34 ± 6 mmHg and 38 ± 11 mmHg,
respectively. Most V/Q mapping results (65/108 =
60%) were interpreted as indicating an intermediate
probability of PTE. Intermediate probability was found
in 33% of the 356 PIOPED patients with no history
of heart or lung diseases (p = 0.001) and in 43% of
the 227 patients with previous heart or lung diseases
(including COPD) (p = 0.01). Only 5% of the results
were interpreted as high probability, another 5% were

interpreted as normal or quasi-normal, and 30% were
interpreted as low probability (inconclusive). In the
patients presenting high probability V/Q mapping
results (5%), PTE was confirmed, and in the patients
with normal or quasi-normal V/Q mapping results
(5%), PTE was ruled out. Among the patients
presenting intermediate probability V/Q mapping
results, PTE was confirmed in 22%, whereas, among
those presenting low probability V/Q mapping results,
PTE was confirmed in 6%. In summary, in patients
with COPD, the V/Q mapping results are predominantly
of intermediate probability. However, in 19% of the
patients with COPD, the V/Q mapping results were
diagnostic (of high or normal probability) or there
was concordance among low probabilities, clinical
profile and scintigraphy.

In one study,(24) the PIOPED cases(27) were
reviewed, and the authors found that the PTE patients
with COPD (n = 21) differed from the PTE patients
without previous heart or lung diseases (n = 117): in
the group with COPD, pleuritic pain was less frequent
(p < 0.005), whereas cough (p < 0.05) and wheezing
(p < 0.001) were less frequent in the group without
previous heart or lung diseases (Table 1).

In another study,(43) PIOPED data(27) was used
to study PTE mortality in patients with COPD.
Mortality rates were evaluated in 1487 patients
submitted to V/Q mapping for PTE diagnosis, and
these patients were monitored for up to one year
after entering the study. A total of 23.8% of the
patients with PTE and 18.9% of those without PTE
died (relative risk of 1.34; 95% confidence interval:
1; p = 0.03). Among the patients with COPD and
PTE, 53.3% died. After adjusting for the
characteristics of the patients, the estimated risk of
mortality within one year after the thromboembolic
event was 1.94 times greater (95% confidence
interval: 1.17 - 3.24) for COPD patients with PTE
than for COPD patients without PTE, and 1.14 times
greater (95% confidence interval: 0.85 - 1.54) for
PTE patients without COPD (p = 0.08). Pulmonary
arterial hypertension might explain the relationships
among COPD, PTE and mortality. Pulmonary arterial
hypertension has been correlated with mortality (p =
0.001), but not with COPD (p = 0.25) or PTE (p =
0.79). No significant interaction has been found
among PTE, COPD and pulmonary arterial
hypertension (p = 0.79).The estimated relative
mortality risk among patients with pulmonary arterial
hypertension was of 1.87 (95% confidence interval:
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TABLE 1

Symptoms in suspected acute PTE

             PTE + COPD PTE     without COPD    COPD without PTE
                  n = 21       n = 117               n = 87
Symptoms       n (%)         n (%)                 n (%)
Dyspnea 19 (90) 85 (73) 80 (92)
Cough 13 (62) 43 (37)* 48 (55)
Pleuritic pain  9 (43) 77 (66)* 32 (37)
Wheezing  8 (39) 10 (9)** 35 (40)
Hemoptysis  4 (19) 15 (13)  7 (8)
Adapted from references 24 and 37
*p < 0.05; **p < 0.001 (other differences were less than
significant); PTE: (acute) pulmonary thromboembolism; COPD:
chronic obstructive pulmonary disease

1.42 - 2.45). In patients with COPD, the estimated
relative mortality risk adjusted for pulmonary arterial
hypertension was 1.52 (95% confidence interval:
0.90 - 2.55) in patients with PTE compared to patients
without PTE.

One study investigated 627 consecutive patients
with suspected PTE at six teaching hospitals in the
USA with the objective of evaluating the performance
of the D-dimers, V/Q mapping, CTA and conventional
angiography for the diagnosis of PTE in COPD
patients.(44) The patients were independently
categorized as having or not having COPD (based
on clinical, radiological and pulmonary function
diagnoses). There were 91 patients identified as
having COPD (15%). The authors identified PTE in
29% of the patients with COPD and in 31% of the
patients without COPD. The V/Q mapping results were
inconclusive in 46% of the patients with COPD and
in 21% of those without COPD (p = 0.001). The
diagnostic performance of high probability V/Q
mapping results did not differ significantly between
patients with COPD and those without COPD:
sensitivity 79% versus 88%; specificity 92% versus
96%; positive predictive value 79% versus 90%; and
negative predictive value 92% versus 94%. In these
two groups of patients, contrary to what had been
expected, the sensitivity, specificity and predictive
values (positive and negative) were higher for V/Q
mapping than for CTA. The distribution of clinical
probability, the diagnostic value of D-dimers, the
diagnostic value of CTA and the reproducibility of
pulmonary angiography were comparable between
patients with COPD and those without CPOD. The
presence of COPD did not affect the diagnostic
performance of the clinical probability, D-dimers, CTA
or pulmonary angiography. Although more

inconclusive scintigraphy results can be expected in
the presence of COPD, the V/Q study proved to be
valuable in patients with COPD and suspected PTE.

COMMENTS

Clinical suspicion of acute PTE (high clinical
probability or diagnostic pretest) is based on the
presence of one or more risk factors and clinical
symptoms consistent with the condition that cannot
be explained by another diagnosis. The presence of
another possible cause for this profile decreases the
probability of PTE occurrence.(46)

Although COPD is not an independent risk factor
for PTE, various conditions potentially associated with
COPD, such as immobility, old age, uncompensated
congestive cardiac insufficiency and adjacent cancer,
have been identified as independently correlated
clinical risk factors for VTE. Therefore, when
confronted with symptoms consistent with PTE,
diagnosticians should consider COPD a clinical risk
factor, even though airflow limitation is not a
thrombogenic factor per se. In addition, in theory,
we can say that, since symptoms compatible with
PTE, except for the acute pleuritic pain, can be
explained by an underlying disease (when present),
clinical suspicion of acute PTE in a COPD scenario
would signify an intermediate probability of PTE.

It is difficult to identify characteristics of acute
PTE in patients who may be experiencing an acute
exacerbation of severe COPD. Symptoms, physical
signs, X-ray abnormalities and abnormalities in the
alveolar-arterial oxygen gradient or in PaCO2 neither
permit PTE diagnosis in individuals without
underlying heart or lung disease nor help reinforce
suspicion in cases of PTE and COPD.

It is usual for patients with severe COPD to
present hypoxemia due to the dispersion of the V/
Q ratio. Hypoxemia is usually accentuated by acute
exacerbations or by PTE episodes. It has been
suggested that a diagnosis of PTE should be
considered when there is a reduction in PaCO2 in a
previously hypercapnic patient. However, in some
patients with COPD, due to the inability of the minute
volume to compensate for the increased dead space
(caused by PTE or by the redistribution of the
minute volume to the alveolar dead space), PaCO2

might not be reduced and might even increase. A
diagnosis of PTE should be considered in any
patient with severe COPD who presents worsening
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of dyspnea and decreased exercise tolerance, and
who does not respond to conventional treatment
with bronchodilators.

Antibiotics can improve occasional cough and
purulent expectoration, but the lack of corresponding
improvement of dyspnea, or even its worsening,
should lead to suspicion of a causative acute COPD
exacerbation-related thromboembolic episode.

Once the suspicion has been raised, an additional
challenge is to make the diagnostic confirmation
within the constraints of the cost-benefit ratio. In
recent decades, V/Q mapping has been the principal
instrument of PTE diagnosis. Among the COPD
patients in the PIOPED study sample,(27) 60% of V/Q
mapping results were found to be of intermediate
probability, compared with 33% among the patients
without previous lung disease.(42) However, in 19%
of the patients with COPD, the V/Q mapping results
were of high or normal probability or there was
concordance between the clinical manifestations and
low probability. High or normal probability V/Q
mapping results were not affected by the underlying
disease. In a previous study,(35) it was demonstrated
that, despite the COPD diagnosis, V/Q mapping
constitutes a reliable method of detecting PTE if the
abnormalities found in the ventilatory study were not
very extensive. However, V/Q mapping results of
intermediate probability have been more frequently
observed in patients with underlying lung diseases.

Among the algorithms used to diagnose VTE,
measurement of D-dimer levels has become
increasingly more important because of its high
negative predictive value (resulting from its high
sensitivity). Taken together with the levels of clinical
probability, D-dimer levels, when negative and
accompanied by low probability or inconclusive
imaging exams, can be used to rule out the presence
of acute VTE. The D-dimers levels of are elevated in
any condition presenting reactional fibrinolysis, in
which fibrin is formed and then degraded by plasmin.
Levels of D-dimers are also elevated when there is
infection, cancer, surgery, heart insufficiency, renal
insufficiency, acute coronary syndrome, nonlacunar
cerebrovascular accident, pregnancy or sickle cell
crisis. Elevated D-dimers levels are seen in 80% to
90% of patients with infection or malignancy. Chronic
COPD inflammation does not seem to interfere with
the baseline increase in D-dimer levels.(20-21,44-45)

In a comprehensive study, it was found that the
presence of COPD did not affect the diagnostic

performance of the clinical probabilities of D-dimer
levels, CTA or pulmonary catheter angiography.(44) The
use of V/Q studies has been considered useful in
patients with COPD and suspected PTE, although a
greater number of inconclusive results might be
expected in the presence of COPD.

It is worth mentioning that the ventilatory
studies referred to in the literature were carried out
with radioactive gases, first with xenon-133(27-28,40)

and, more recently, krypton-81m.(44) Radioactive
gases present greater penetration into obstructive
processes than does technetium-99m-labeled
diethylenetriaminepentaacetic acid aerosol.(47)

In patients with accentuated obstruction of the
airways, the aerosol deposition occurs in the bronchi
and central carinas, not reaching the alveolar area in
sufficient quantity to allow an adequate V/Q
comparison. The PISA-PED(28) study demonstrated that
perfusion mapping can be sufficient for the diagnosis
of PTE probability, with high positive and negative
predictive values, when considered together with
clinical probabilities.

The clinical probability of acute PTE in patients
with severe COPD can, in general, be considered
moderate. In such patients, the perfusion mapping
results will also most probably be intermediate
(inconclusive). Under these conditions, ultrasound
of the lower limbs has been proposed as an initial
diagnostic test, and, if negative, CTA is indicated
(Figure 1).(20-21,29,48-49) Whenever possible, perfusion
mapping can be useful for the diagnosis when
normal/quasi-normal, or of high probability, even in
patients with COPD (Figure 2). In cases of low clinical
probability, a negative D-dimer test (which has high
sensitivity) can rule out the diagnosis (Figure 3).

One method that can increase the diagnostic
power of computed angiography of the chest is the
incorporation of venography of the lower limbs. This
technique extends the examination of the pulmonary
arteries to the deep veins in the thigh and in the
popliteal fossa.(50) Considering that VTE is a unique
entity, indirect venography can help in its diagnosis
through the identification of DVT in the same test.
This combined approach economizes contrast
medium but increases the exposure to radiation and
therefore should follow specific recommendations.(51)

This method is only valid for ruling out DVT when
technically excellent procedures are employed(52) and
is still awaiting more ample validation within the
criteria that have guided the validation of other
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Figure 1 - Diagnostic algorithm of pulmonary thromboembolism in patients with COPD or altered chest X-ray.
(+) finding of deep vein thrombosis or pulmonary thromboembolism; (-) exam without confirmation of deep vein
thrombosis or pulmonary thromboembolism. COPD: chronic obstructive pulmonary disease; CTA: (single-detector spiral)
computed tomographic angiography (of the chest); US LL: (duplex) ultrasound of the lower limbs.

Figure 2 - Diagnostic algorithm of pulmonary thromboembolism in patients with COPD or altered chest X-ray, initially
using perfusion mapping.
Q (-): normal exam, ruling out PTE; Q (+): high probability; (+): finding of deep vein thrombosis or pulmonary
thromboembolism; (-): exam without confirmation of deep vein thrombosis or pulmonary thromboembolism. COPD:
chronic obstructive pulmonary disease; Q: perfusion (mapping); US LL: (duplex) ultrasound of the lower limbs; CTA:
(single-detector spiral) computed tomographic angiography (of the chest).

(+)

imaging techniques used for DVT diagnosis.
Finally, it must be borne in mind that multidetector-

row spiral computed tomography allows the
visualization of subsegmental vessels. Through the
use of high quality tests, PTE can be ruled out. The
negative predictive value of multidetector-row spiral

computed tomography has been estimated at between
98% and 99%.(53-54) Since COPD did not interfere
with the diagnostic performance of the single-detector
CTA,(44) the expectation that it would have a favorable
specific impact on patients with severe COPD is
justified.
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Figure 3 - Diagnostic algorithm of pulmonary thromboembolism in patients with COPD or altered chest X-ray, initially
using the determination of high sensitivity D-dimer measurement (ELISA or LIATEST)
(+): levels of D-dimers above the cut-off point; (-): levels of D-dimers below the cut-off point. COPD: chronic obstructive
pulmonary disease; Q: perfusion (mapping); US LL: (duplex) ultrasound of the lower limbs; CTA: (single-detector spiral)
computed tomographic angiography (of the chest).

The results of a multicenter study for the
evaluation of computed tomography of the chest
and venous phase images used to diagnose acute
thromboembolic disease (NHLBI Collaborative
Prospective Investigation of Pulmonary Embolism
Diagnosis II - PIOPED II) are soon to be published
(results presented at the 2005 American Thoracic
Society Conference in San Diego - USA).A new chapter
in VTE diagnosis will certainly follow.

REFERENCES

1. Anderson FA Jr, Wheeler HB, Goldberg RJ, Hosmer DW,
Patwardham NA, Jovanovic B, et al. A population-based
perspective of the hospital incidence and case-fatality rates
of deep vein thrombosis and pulmonary embolism. The
Worcester DVT study. Arch Intern Med. 1991;151(5):933-8.

2. Heit JA, Mohr DN, Silverstein MD, Petterson TM,
O´Fallon WM, Melton LJ 3rd. Risk factors for deep vein
thrombosis and pulmonary embolism. Arch Intern Med.
2000;160(6):809-15.

3. Kniffin WD, Baron JA, Barrett J, Birkmeyer JD, Anderson
FA Jr. The epidemiology of diagnosed pulmonary
embolism and deep venous thrombosis in the elderly.
Arch Intern Med. 1994;154(8):861-6.

4. Silverstein MD, Heit JA, Mohr DN, Petterson TM, O'Fallon
WM, Melton LJ 3rd. Trends in the incidence of deep vein
thrombosis and pulmonary embolism: A 25-yers population-
based study. Arch Intern Med. 1998;158(6):585-93.

5. White RH. The epidemiology of venous thromboembolism.
Circulation. 2003(23 Suppl 1):I-4.

6. Dalen JE, Alpert JS. Natural history of pulmonary
embolism. Prog Cardiovasc Dis. 1975;17(4):259-70.

7. Carson JL, Kelley MA, Duff A, Weg JG, Fulkerson WJ,
Palevsky HI, et al. The clinical course of pulmonary
embolism. N Engl J Med. 1992;326(19):1240-5.

8. Douketis JD, Kearon C, Bates S, Duku EK, Ginsberg JS. Risk
of fatal pulmonary embolism in patients with treated
venous thromboembolism. JAMA. 1998; 279(6):458-62.

9. Sorlie PD, Kannel WB, O´Connor G. Mortality associated

with respiratory function and symptoms on advanced
age. The Framingham Study. Am Rev Respir Dis.
1989;140(2):379-84.

10. Murray CJL, Lopez AD, editors. The global burden of disease:
a comprehensive assessment of mortality and disability
from disease, injuries and risk factors in 1990 and projected
to 2002. Cambridge, MA: Harvard University Press; 1996.

11 . National Heart, Lung, and Blood Institute. Morbidity
& mortality: chartbook on cardiovascular, lung, and
blood diseases. Bethesda, MD: US Department of Health
and Human Services, Public Health Service, National
Institute of Health; 1998.

12. Guest JF. The annual cost of chronic obstructive pulmonary
disease to the UK`s National Health Service Dis Manage
Health Outcomes .1999;5(2):93-100.[cited 2005 Jan 20].
Available from: http://www.ingentaconnect.com/content/
adis/dmho/1999/00000005/00000002/art00004

13. Seemungal TA, Donaldson GC, Paul EA, Bestall JC, Jeffries
DJ, Wedzicha JA. Effect of exacerbation on quality of
life in patients with chronic obstructive pulmonary
disease. Am J Crit Care Med. 1998; 157(5 Pt 1):1418-22.

14 . Fletcher C, Peto R. The natural history of chronic
airflow obstruction. Br Med J. 1977;1(6077):1645-8.

15. Connors AF Jr, Dawson NV, Thomas C, Harrel FE Jr, Desbiens
N, Fulkenson WJ, et al. Outcomes following acute
exacerbation of severe chronic obstructive lung disease. The
SUPPORT investigators  (Study of Understand Prognoses
and Preferences for Outcomes and Risks of Treatments). Am
J Respir Crit Care Med .1996;154(4 Pt 1):959-67. ( Erratum
in: Am J Respir Crit Care Med. 1997;155(1):386.

16. Barbera JA, Roca J, Ferrer A, Felez MA, Diaz O, Roger N, et
al. Mechanisms of worsening gas exchange during acute
exacerbations of chronic obstructive pulmonary disease.
Eur Respir J. 1997;10(6):1285-91.

17 . Celli BR, MacNee W;  ATS/ERS Task Force. Standards
for the diagnosis and treatment of patients with COPD:
a summary of the ATS/ERS position paper. Eur Respir J.
2004;23(6):932-46.

18 . Wells PS, Ginsberg JS, Anderson DR, Kearon C, Gent M,
Turpies AG, et al. Use of a clinical model for safe
management of patients with suspected pulmonary
embolism. Ann Intern Med.1998;129(12):997-1005.

19. Wicki J, Perneger TV, Junod A, Bounameaux H, Perrier A.



 538 Menna-Barreto SS

J Bras Pneumol. 2005; 31(6):528-39

Assessing clinical probability of pulmonary embolism in
emergency ward: a simple score. Arch Intern Med.
2001;161(1):92-7.

20 . Fedullo PF, Tapson VF. Clinical practice. The evaluation
of suspected pulmonary embolism. N Engl J Med.
2003;349(13):1247-56.

21 . British Thoracic Society Standards of Care Committee
Pulmonary Embolism. Guideline Development Group.
British Thoracic Society guidelines for the management
of suspected acute pulmonary embolism. Thorax.
2003;58(6):470-84.

22. Büller HR, Agnelli G, Hull RD, Hyers TM, Prins MH, Raskob
GE. Antithrombotic therapy for venous thromboembolic
disease. the Seventh ACCP Conference on Antithrombotic
and Thrombolytic Therapy. Chest. 2004;126(3 Suppl):401S-
28S. Erratum in: Chest. 2005;127(1):416.

23 . Bell WR, Simon TL, DeMets DL. The clinical features of
submassive and massive pulmonary emboli. Am J Med.
1977;62(3):355-60.

24. Stein PD Terrin ML, Hales CA, Palevsky HI, Saltzman HA,
Thompson T, et al. Clinical, laboratory, roentgenographic,
and electrocardiographic findings in patients with acute
pulmonary embolism and no pre-existing cardiac or
pulmonary disease. Chest. 1991; 100(3):598-603.

25. Goldhaber SZ, Visani L, De Rosa M. Acute pulmonary
embolism: cl inical  outcome in the International
Cooperative Pulmonary Embolism (ICOPER). Lancet.
1999;353(9162):1386-9.

26 . Pistolesi M, Lavorini F, Allscia G, Miniatti M. Diagnostic
strategies for suspected pulmonary embolism. Eur Respir
J. 2004;30:89-10.

27. The PIOPED Investigators. Values of the ventilation/
perfusion scan in acute pulmonary embolism - results
of the prospective investigation of pulmonary embolism
diagnosis (PIOPED). JAMA. 1990; 263(20):2753-9.

28 . Miniati M, Pistolesi M, Marini C, Ricco GD, Formichi
B, Prediletto R, et al.  Value of perfusion lung scan in
the diagnosis of pulmonary embolism: results of the
Prospective Investigative Study of Acute Pulmonary
Embolism Diagnosis (PISA-PED). Am J Respir Crit Care
Med. 1996;154(5):1387-93.

29 . Musset D, Parent F, Meyer G, Maître S, Girard P, Leroyer
C, et al. Diagnostic strategy for patients with suspected
pulmonary embol ism: a prospect ive mult icentre
outcome study. Lancet. 2002;360(9349):1914-20.

30. Guidelines on diagnosis and management of acute
pulmonary embolism. Task Force Report of the European
Society of Cardiology Eur Heart J. 2000; 21(16):1301-36.

31. Kakkar WW Howe CT, Flanc C, Clarke MB. Natural
history of postoperative deep-vein thrombosis. Lancet.
1969;2(7614):230-2.

32. Prescott SM, Richards KL, Tikoff RG, Armstrong JD Jr,
Shigeoka JW. Venous thrombosis in decompensated chronic
obstructive pulmonary disease. A prospective study. Am Rev
Respir Dis. 1981;123(1):32-6.

33. Schönhofer B, Köhler D. Prevalence of deep-vein
thrombosis of the leg in patients with acute exacerbation
of chronic obstructive pulmonary disease. Respiration.
1998;65(3):173-7.

34. Fraisse F, Holzapfel L, Couland JM, Simonneau G, Bedock B,
Feissel M , et al. Nadroparin in the prevention of deep vein
thrombosis in acute decompensated COPD. The Association

of Non-University Affiliated Intensive Care Specialist
Physicians of France. Am J Respir Crit Care Med. 2000;161(4
Pt 1):1109-14.

35. Erelel M, Cuhadaroglu C, Ece T, Arseven O. The frequency
of deep venous trombosis and pulmonary embolus in acute
exacerbation of chronic obstructive pulmonary disease.
Respir Med. 2002;96(7):515-8.

36. Lippmann M, Fein A. Pulmonary embolism in the patient
with chronic obstructive pulmonary disease. A dianostic
dilemma. Chest. 1981;79(1):39-42.

37. D´Alonzo GE, Bower JS, DeHart P, Dantzerk DR. The
mechanisms of abnormal gas exchange in acute massive
pulmonary embolism. Am Rev Respir Dis. 1983;128(1):
170-2.

38. Bouchama A, Curley W, Al-Dossary S, Elguindi A. Refractory
hypercapnia complicating massive pulmonary embolism.
Am Rev Respir Dis. 1988;138(2):466-8.

39. Stebbing AEL, Lim TK. A patient with acute exacerbation
of COPD who did not respond to conventional treatment.
Chest. 1998;114(6):1759-61.

40. Alderson PO, Biel lo DR, Sachariah G, Siegel BA.
Scintigraphic detection of pulmonary embolism in
patients with obstructive pulmonary disease. Radiology.
1981;138(3):661-6.

41. Stein PD, Coleman RE, Gottschalk A, Saltzman HA, Terrin
ML, Weg JG. Diagnostic utility of ventilation/perfusion lung
scans in acute pulmonary embolism is not diminished by
pre-existing cardiac or pulmonary diease. Chest.
1991;100(3):604-06.

42. 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(1):17-22.

43. Carson JL, Terrin ML, Duff A Kelley MA. Pulmonary
embolism and mortality in patients with COPD. Chest.
1996;110(5):1212-9.

44 . Hartmann IJ, Hagen PJ, Melissant CF, Postmus PE,
Prins MH. Diagnosing acute pulmonary embolism:
effect of chronic obstructive pulmonary disease on
the performance od D-dimer testing, ventilation/
perfusion scintigraphy, spiral computed tomographic
ang iography,  and convent iona l  ang iography.
ANTELOPE Study  Group .  Advances  in  New
Techno log ies  Eva luat ion the  Loca l i za ton of
Pulmonary Embolism. Am J Respir Crit Care Med.
2000;162(6):2232-7.

45 . Stein PD, Hull RD, Patel KC, Olson RE, Ghali WA, Brant
R, et al. D-dimer for the exclusion of acute venous
thrombosis and pulmonary embolism: a systematic
review. Ann Intern Med. 2004;140(8):589-602.

46. Hyers TM. Venous thromboembolism. Am J Respir Crit
Care Med. 1999;159(1):1-14 .

47 . Hayes M, Taplin GV. Lung imaging with radioaerosols
for the assessment of airway disease. Semin Nucl Med.
1980;10(3):243-51.

48. Lipchik RJ, Goodman LR. Spiral computed tomography in
the evaluation of pulmonary embolism. Clin Chest Med.
1999;20(4):731-8.

49. Perrier A, Nendaz MR, Sarasin FP, Haworth N, Bounameaux
H. Cost-effectiveness analysis of diagnostic strategies for
suspected pulmonary embolism including helical
computed tomography. Am J Respir Crit Care Med.



J Bras Pneumol. 2005;31(6):528-39

 539The challenge of diagnosing acute pulmonary thromboembolism in patients with chronic obstructive pulmonary disease

2003;167(1):39-44.
50 . Loud PA, Grossman ZD, Klippenstein DL, Ray CE.

Combined CT venography and pulmonary angiography:
a new technique for suspected thromboembolism
disease. AJR Am J Roentegenol. 1998;170(4):951-4.

51. Rademaker J, Griesshaber V, Hidajat N, Oestmann JW,
Felix R. Combined CT pulmonary angiography and
venography for diagnosis of pulmonary embolism and
deep venous thrombosis: radiation dose. J Thorac
Imaging. 2001;16(4):297-9.

52 . Yankelevitz DF, Gamsu G, Shah A, Rademaker J,
Shaham D,  Buckshee N,  e t  a l .  Opt imizat ion of

combined CT pulmonary angiography with lower
extremity CT venography. AJR Am J Roentgenol.
2000;174(1):67-9.

53. Kavanagh EC, O'Hare A, Hargaden G, Murray JG. Risk of
pulmonary embolism after negative MDCT pulmonary
angiography findings. AJR Am J Roentgenol. 2004;182(2):
499-504.

54. Eyer BA, Goodman LR, Washington L. Clinician`s response
to radiologists' reports of isolated subsegmental
pulmonary embolism or inconclusive interpretation of
pulmonary embolism using MDCT. AJR Am J Roentgenol.
2005;184(2):623-8.


