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Diagnosing Pulmonary Embolism in Patients with
Suspected or Established Chronic Lung Disease

Robert B Tompkins MD, Vaughn Harris MD, Clayton Brown MD, David E Griffith MD

ABSTRACT

We recently identified four patients with pulmonary embolism (PE) who presented
with progressive, but nonspecific, respiratory symptoms and were initially diagnosed
with an exacerbation of established or presumed airflow obstruction. No specific expla-
nation for the apparent respiratory exacerbation was found and each patient failed to
respond to bronchodilator and/or antibiotic therapy, thereby triggering an evaluation for
PE. Pulmonary embolism occurs with disturbing frequency in the setting of an apparent
chronic airflow obstruction exacerbation without a clear explanation. Suspicion of PE by
the clinician is essential as patient symptoms and routine laboratory evaluation do not
always differentiate PE from exacerbation of airflow obstruction. D-dimer determination
is a reasonable first diagnostic step with subsequent testing directed by the D-dimer
result in the context of an individualized assessment of PE risk. The diagnosis of PE in
this setting is critically important for avoiding the attendant morbidity and mortality as-

sociated with untreated PE.
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INTRODUCTION

The classic clinical presentation of acute pul-
monary embolism (PE) is familiar to most clinicians.
When a patient with known risk factors for thrombo-
embolic disease, such as malignancy, recent surgery,
or immobilization, presents with unilateral lower ex-
tremity edema and/or inflammation, acute shortness
of breath, pleuritic chest pain, and tachycardia, PE
quickly rises to the top of the differential diagnosis list,
and the appropriate workup is initiated. Unfortunately,
these ideal clinical circumstances are frequently not
present in patients with PE, especially in those with
suspected or diagnosed underlying lung disease.
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Consequently, PE may be initially overlooked in favor
of empiric treatment for an exacerbation of underlying
lung disease. In fact, in patients with chronic obstruc-
tive pulmonary disease (COPD) who present with a
presumed COPD exacerbation, there are no signifi-
cant differences in symptoms between patients with
and without PE."” Given these difficulties, PE should
be included in the differential diagnosis for COPD
patients when the clinical presentation is not readily
explained by common factors that exacerbate airflow
obstruction, such as bronchospasm, pneumonia, or
heart failure, or for patients who do not readily im-
prove with targeted therapy for these common exac-
erbating factors. The timely diagnosis of PE is further
complicated by a paucity of tests that are sensitive
and specific for diagnosing PE in patients with chronic
airflow obstruction. The consequences of missed di-
agnosis of PE for patients with chronic lung disease
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can be dire and include increased risk for recurrent
PE, increased short and long term mortality, aggra-
vated pulmonary hypertension, and right ventricular
dysfunction.”™

We recently encountered four non-smoking
patients with previously diagnosed or suspected air-
flow obstruction who were admitted with respiratory
deterioration and were ultimately diagnosed with PE.
The maijor objective of this manuscript is to review cir-
cumstances in which acute and/or recurrent PE might
occur in patients with established or suspected airflow

obstruction. These circumstances notably include an
apparent exacerbation of the patient’s airflow obstruc-
tion with no identifiable exacerbating factor(s) or poor
response to therapy directed at exacerbating factors
for airflow obstruction. We also suggest diagnostic
strategies for PE under these circumstances.

CASE PRESENTTION

Patient case summaries are presented in Ta-
ble 1.

Table 1: Case summaries

Patient Characteristics

Presenting Complaint

Presumptive diagnosis
and initial therapy

D-dimer

CT Pulmonary Angio-
gram

Treatment

Patient A
77-year-old 9
Non-smoker

BMI-39

OSA

Pleuritic chest pain

exertional dyspnea

Polymyalgia rheumatica
and presumed malig-
nancy

Treatment:
Prednisone

Not done

Bilateral minimally oc-
clusive and non-occlu-
sive thrombi

Lovenox

Warfarin

Patient B
47-year-old &
Non-smoker

BMI-47

OSA

1 month progressive
exertional dyspnea
cough

Respiratory tract infec-
tion

Treatment: Antibiotics,
bronchodilators, and
steroids

Not done

Heavy burden of PE
bilaterally involving all
lobar pulmonary arteries

Lovenox

Warfarin x 6 mo

Patient C
63-year-old &
Non-smoker with
COPD

Knee replacement 5
months prior

BMI-36, OSA

1 year progressive
cough, dyspnea,
pleuritic chest pain

Pneumonia

Treatment: Antibiotics,
bronchodilators

>500 ng/ml

Extensive bilateral non-
occlusive and occlusive
pulmonary emboli

Rivaroxaban

Patient D
52-year-old @
Nonsmoker
Estradiol HRT

Chronic asthma
BMI-67

4 months of worsening
dyspnea
pleuritic chest pain

Worsening chronic
asthma; respiratory
infection

Treatment: Steroids,
bronchodilators, and
antibiotics

<250 ng/ml

Moderate burden of
pulmonary embolism
bilaterally

Rivaroxaban;

Estradiol discontinued
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DiscussioN

Pulmonary embolism in patients with COPD is
not rare. The reported incidence from older studies of
PE found post mortem in COPD patients ranged from
28% to 51%. " More recent studies suggest that
the true frequency of PE in COPD patients in whom
PE is clinically suspected ranges from 19% to 29%."
°  Lesserand colleagues examined the characteris-
tics of 108 patients with COPD and suspected PE, of
whom 19% (21/108) were diagnosed with PE." In ad-
dition, Tille-Leblond, et al. found that in a series of 197
consecutive patients with COPD referred for severe
exacerbation of unknown origin, 25% had PE on CT.’
Risk factors and clinical symptoms, such as change in
dyspnea, pleuritic pain, hemoptysis, tachycardia and
lower extremity edema, were no more associated with
PE than with COPD without PE. The level of hypox-
emia, the level of pCO,, and the alveolar-arterial (A-a)
gradient were also no more associated with PE than
with COPD without PE. However, a decrease in PCO,
of at least 5 mm, previous thromboembolic disease,
and malignant disease were associated with PE. Be-
cause the symptoms of PE and COPD exacerbation
are essentially identical, it is not surprising that the
possibility of PE in patients with COPD is sometimes
over-looked. Patients with chronic airflow obstruction
are at risk for other manifestations of venous throm-
boembolic disease. Shetty, et al. found that patients
admitted for acute COPD exacerbation were at in-
creased risk for DVT because of immobilization, ad-
vanced age, smoking, underlying malignancy, and
RV failure.” They identified 668 patients with COPD
and DVT and compared them with 4000 patients with
DVT but without COPD. Patients with COPD and DVT
were likely to be older, male, inpatient in the ICU on
mechanical ventilation, with an IVC filter, and with
greater medical acuity. Stein, et al. found that VTE
(PE and DVT) is frequently under-diagnosed in pa-
tients with COPD and that the relative risk is higher
in younger patients compared to older patients who
often have multiple other risk factors for VTE."

Previously published identifiable risk factors
for PE include immobilization, surgery within three

months, stroke, paresis, paralysis, central venous
instrumentation within three months, malignancy,
chronic heart disease, autoimmune diseases, his-
tory of venous thromboembolism, obesity in women,
cigarette smoking, and hypertension.”" Chronic ob-
structive pulmonary disease is not included on that
list, although patients with chronic airflow obstruction
with hypoxia may have subclinical or overt pulmonary
hypertension and RV dysfunction, which then pro-
motes venous stasis and thromboembolism. Similar-
ly, obstructive sleep apnea (OSA), a disease associ-
ated with chronic hypoxia and common to the patients
in this report, has recently been associated with in-
creased risk of venous thromboembolic disease and
hypercoagulability.”*' The apparent association of
venous thromboembolic disease and OSA is particu-
larly worrisome due to the frequent under-diagnosis
of OSA.

At some point during the hospitalization of
a patient with an exacerbation of diagnosed or pre-
sumed airflow obstruction, the question must be
asked: is there an explanation for this respiratory
exacerbation and is the patient responding (improv-
ing) appropriately to the therapeutic regimen? For the
majority of patients presenting with apparent airflow
obstruction exacerbation, the answers will be affirma-
tive. However, for patients without an identifiable eti-
ology for airflow obstruction exacerbation, or for those
who are not responding appropriately to therapy di-
rected at the assumed exacerbating factor, consid-
eration must be given to the possibility of PE. While
there is literature about the occurrence of PE with
underlying COPD, there is little published about PE
in the presence of other chronic lung diseases, such
as pulmonary fibrosis or bronchiectasis. Presumabily,
the same considerations would be pertinent for those
disorders as well; that is, PE should be suspected
in the absence of a clear exacerbating factor or with
poor response to usual or "standard” therapy.

There are significant consequences for miss-
ing the diagnosis of PE. Untreated PE is associated
with a mortality rate of approximately 30% with recur-
rent PE the most common cause of death.”” Pulmo-
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nary embolism also increases the rate of death from
COPD at one year.” Persistent RV dysfunction is also
more likely associated with a recurrent PE, recurrent
DVT, and a two fold increase in PE-related mortality
compared to patients with no RV dysfunction or RV
dysfunction with regression.”

The diagnosis of an acute pulmonary embo-
lism is a clinical challenge in the setting of underly-
ing lung disease because many of the symptoms
are vague and non-specific, physical findings can be
lacking, and diagnostic tests have limited sensitiv-
ity and specificity.” It cannot be overstated that the
most important aspect of PE diagnosis in the setting
of established or even presumed underlying lung dis-
ease is suspicion of the diagnosis. Routine tests such
as arterial blood gases (ABGs), electrocardiograms
(ECGs), chest radiographs, complete blood counts
(CBC), and chemistry profiles are usually not helpful
in the diagnosis of PE. If prior or baseline ABGs are
available, a reduction in the PCO, level of > 5mm is
significantly associated with PE in COPD patients.”

Prior to the advent of helical-CT angiography,
ventilation-perfusion (V/Q) lung scanning was the
only non-invasive radiographic study for diagnosing
pulmonary embolism. Ventilation-perfusion scans are
helpful for excluding PE in patients with low pre-test
probability of PE and low-probability scan results. Al-
ternatively, they are also helpful in diagnosing patients
with high pre-test probability of PE and high-probabil-
ity scan results.” However, it is well-recognized that
the V/Q scan is sometimes limited in usefulness for
patients with underlying lung diseases that are asso-
ciated with severe and sometimes diffuse V/Q mis-
matching, resulting in V/Q scan abnormalities that
cannot be distinguished from those caused by PE. A
normal V/Q scan virtually excludes PE. However, that
is a rare finding in patients with underlying lung dis-
ease.

Doppler-ultrasound evaluation of the lower
extremities for evidence of DVT can give additional
evidence to help diagnose or exclude PE. In patients
with symptoms, elevated D-dimer and an ultrasound-
Doppler positive for DVT, the diagnosis of PE is quite

probable and treatment can be started. An ultrasound-
Doppler that is negative for DVT does not exclude the
diagnosis of PE in patients with symptoms or risk fac-
tors for PE. In one series, lower extremity ultrasound
identified 51% of patients with PE in the setting of un-
explained COPD exacerbation by diagnosing a lower
extremity DVT.”

The blood test for fibrin split products, D-di-
mer, is usually elevated in PE with sensitivities rang-
ing from 85-98% but with low specificity in the range
of 40%.”” Evidence indicates that a D-dimer level
<500 ng/mL is sufficient to exclude PE in patients with
a low clinical pretest probability of PE. A negative D-
dimer is not sufficient to exclude PE in patients with a
high pretest probability of PE and has variable perfor-
mance for those with a moderate pretest probability of
PE.*™ A positive result requires further assessment
in order to diagnose or rule out PE. D-dimer levels
can be high among hospitalized patients, especially
those with malignancy or recent surgery.zs'27 Table 2
is a partial list of disorders associated with increased
plasma levels of fibrin D-dimer. Quantitative ELISA
and semi-quantitative latex agglutination (“sensitive
D-dimer testing”) are preferred because their high
negative predictive value indicates that they are su-
perior to erythrocyte agglutination for excluding PE.”
There is no evidence COPD, per se, alters D-dimer
determination.”

Brain natriuretic peptide (BNP) levels are typi-
cally increased in patients with PE compared to pa-
tients without PE. However, many patients with PE
do not have elevated BNP, and there are many al-
ternative causes of an elevated BNP.”” BNP levels
do predict RV dysfunction and mortality. In one study,
short-term mortality was increased six times among
patients with BNP > 100 pg/ml and 16 times among
patients with an NT—pro BNP > 600 pg/ml.”

Helical CT scanning is now the most frequent-
ly used test for evaluating PE in patients with normal
renal function. It can quickly evaluate for intraluminal
filling defects within the pulmonary arterial tree with
high sensitivity for PE in the lobar or main pulmonary
arteries.”™ This test may be non-diagnostic when the
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Table 2: Conditions associated with elevated D-Dimer levels

Venous thromboembolic disease
Deep vein thrombosis
Pulmonary embolism

Arterial thromboembolic disease

Acute myocardial infarction

Atrial fibrillation
Intracardiac thrombosis

Congestive heart failure

Use of thrombolytic agents

Malignancy

Renal disease

Acute renal failure

Renal vein thrombosis

Hepatic Insufficiency

Cerebrovascular thrombosis/Infarction

Acute peripheral vascular ischemia

Disseminated intravascular coagulation

Tissue ischemia/necrosis secondary to surgery/trauma

Severe infection/Sepsis/Systemic inflammatory response syndrome

With underlying cardiovascular disease

Normal pregnancy, eclampsia, pre-eclampsia

PE involves segmental or sub-segmental arteries. A
normal helical CT does not completely exclude the
diagnosis of PE and is similar to a “low-probability”
V/Q scan. Numerous studies have shown, however,
that there is a low risk of PE following a negative CT-
PA.”” While imperfect, this test is currently consid-
ered the “gold standard” for radiographic confirmation
or exclusion of PE. Chronic airflow obstruction also
does not affect the diagnostic performance of CTA or

pulmonary angiography.28 A coronal cut from the CTA

of patient B showing a large proximal right main pul-
monary artery thromboembolism is shown in Figure 1.

Pulmonary angiography was previously the
“standard” for diagnosis of pulmonary embolism but
is a costly, invasive procedure with many potential
serious side effects and a reported mortality rate of
approximately 0.5%.” It is contraindicated in patients
with renal impairment or a known allergy to the con-
trast material, and many health care institutions do
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Figure 1. CT Pulmoary angiogram study showing large
proximal right main pulmonary artery thromboembolism

not have access to this test. Pulmonary angiography
for the diagnosis of PE has been largely supplanted
by the widespread availability of CT-PA.

A summary of advantages and disadvantages
of the available diagnostic studies for PE in patients
with suspected or previously diagnosed airflow ob-
struction is shown in Table 3, and a suggested diag-
nostic algorithm for PE in these patients is shown in
Figure 2.

Our cases highlight several important points
for diagnosing PE in patients either diagnosed with
or suspected of having underlying airflow obstruction.
All four patients presented with a presumed exac-
erbation of airflow obstruction as a consequence of
bronchospasm and/or infection. Pulmonary embolism
was suspected only after each patient failed to im-
prove clinically, despite initial therapy directed at the
presumed exacerbating factor(s). Itis instructive that
three of the patients were non-smokers, and two did
not have a previous diagnosis of obstructive lung dis-
ease. In spite of the lack of an established diagnosis
of airflow obstruction, these two patients were pre-
sumed to have exacerbation of airflow obstruction at

presentation, underscoring the non-specific nature of
PE symptoms and the similarity between PE symp-
toms and symptoms of airflow obstruction. Three
of the four patients had an abnormal D-dimer that
helped direct further evaluation for PE. Although the
fourth patient had a normal D-dimer level, the clinical
suspicion for PE was sufficiently high in this patient
to continue an aggressive diagnostic strategy for PE.
This patient illustrates another important point, name-
ly that the aggressiveness with which the diagnosis of
PE is pursued is always driven by the underlying clini-
cal suspicion for PE. The presence of OSA in our pa-
tients also likely increased their risk for PE and should
be considered an additional risk factor for PE."”” This
association adds one more reason to an already long
list for carefully assessing all patients for OSA.

There are multiple published guidelines for
treating PE.*" Therapy begins with timely evaluation
of the airway, breathing, and circulation in conjunc-
tion with provision of supplemental oxygen. An initial
bolus of intravenous fluid should be used for patients
with hypotension (SBP < 90mmHg or a drop in SBP
>40mmHg from baseline), and IV vasopressors may
be needed if hypotension persists despite the initial
fluid resuscitation.

Anticoagulant therapy is the mainstay of treat-
ment for venous thromboembolism including PE and
produces a passive reduction in thrombus size. Many
pharmaceutical agents are available, including un-
fractionated heparin, low-molecular weight heparin,
and warfarin, as well as newer agents, including dabi-
gatran, rivaroxaban, apixaban, and fondaparinux.”"
For patients with suspected or known heparin-induced
thrombocytopenia, a non-heparin based anticoagu-
lant should be used such as lepirudin, argatroban, or
bivalirudin.”"" A recent meta-analysis of clinical and
safety outcomes with various venous thromboembo-
lism therapies suggests that an unfractionated hep-
arin/vitamin K antagonist regimen is less effective,
while rivaroxaban and apixaban regimens are associ-
ated with a lower risk of bleeding.”

In contrast to anticoagulant therapy, throm-
bolytic therapy actively reduces thrombus size by in-
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Table 3: Advantages and disadvantages of diagnostic studies for pulmonary embo-
lism in patients with underlying lung disease

D-dimer

Lower Extremity Ve-
nous Doppler

CT-Pulmonary Angio-
gram

V/Q Scan

Interventional Angio-
gram

Advantages

Low-cost, non-invasive

Sensitivity = 95%

Specificity = 40-68%

Low-cost, non-invasive

Detection of asymptomatic
DVT is indirect evidence of PE

High sensitivity and specificity
for DVT

High sensitivity and PPV of
85% with main or lobar artery
PE

Can give information about
other etiologies for dyspnea

Non-invasive

Normal scan excludes PE

Gold standard for diagnosis of
PE

Disadvantages

Rule out VTE in low probability
patient when negative, but must
perform further work up when
positive

Multiple causes of a false posi-
tive test (Table 3)

May be negative in patients
with proven PE

Test is ultrasound technician/
radiologist dependent

High cost, Renal toxicity

Radiation exposure

May miss PE in smaller arterial
branches

Patient factors and underlying
lung disease may affect results

Only 25% of patients have a
normal scan

65% of scans are indeterminate

Perfusion defects are non-
specific

High cost, invasive

Renal toxicity, requires exper-
tise
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Figure 2. Algorithm for evaluation and treatment of pulmoary embolism
in patients with exacerbation of presumed or previously diagnosed airflow

obstruction.

creasing the conversion of plasminogen into plasmin
which then cleaves fibrin molecules.” Thrombolysis
is usually reserved for clinically unstable patients
since it is associated with a significant risk of bleeding
events which may be fatal or cause significant mor-
bidity. Studies have shown that treatment with fibri-
nolysis produces faster restoration of lung perfusion
and, thereby, provides a more rapid improvement in
clinical symptoms.”*

Surgical embolectomy remains an alterna-
tive to pharmaceutical thrombolysis in clinically un-
stable patients with massive or sub-massive PE and
evidence of RV dysfunction when either thrombolysis
fails or is contraindicated.”

Finally, for patients who are not candidates for
surgical embolectomy, anticoagulation, thrombolysis,
or have had previous bleeding events or recurrent
VTE while on anticoagulation, inferior vena cava filters
may be used. Notably, IVC filter use has increased in
recent decades™” while the benefits of IVC filters re-
main controversial.”” The PREPIC Trial showed that
IVC filters reduced the incidence of recurrent PE at 12
days and eight years, but were also associated with
increased recurrent DVT at two years with no overall
effect on mortality.”

Preventing lower extremity DVT is the most
important measure we can undertake to prevent PE.
In hospitalized patients, anticoagulant DVT prophy-
laxis is recommended for acutely-ill medical patients
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at increased risk of thrombosis.” The level of risk is
based on a score derived from a risk assessment
model that does not include either COPD or OSA.
Age = 70 years and obesity (BMI = 30), risk factors
commonly found in COPD and OSA patients, are in-
cluded in this model, as is respiratory failure, but the
combination of these three risk factors does not pro-
duce a score deemed “high risk.” Due to the inherent
limitation in mobility associated with COPD and OSA,
we suggest that these co-morbid conditions be con-
sidered in the assessment of risk for venous throm-
boembolism and that DVT prophylaxis is indicated for
hospitalized COPD and OSA patients

SummARry

Patients with presumed or established airflow
obstruction frequently present with worsening respi-
ratory symptoms attributed initially to exacerbation of
the underlying airflow obstruction. For patients with-
out a confirmed etiology for the exacerbation, such
as bronchitis, pneumonia, or bronchospasm, or for
those who do not respond favorably to therapy di-
rected at the presumed exacerbating factor, PE will
be a common finding as these patients frequently do
not present with specific subjective or objective clues
to the diagnosis of PE. While initial clinical evaluation
may reasonably begin with obtaining a D-dimer and/
or Doppler-USG of the legs, it is the clinical suspicion
of PE by the health care provider that remains the
critical element for diagnosis of PE. Prompt diagnosis
and treatment of PE can improve the patient’s short
and long term prognosis.
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