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Introduction

The paradox in the diagnosis of pul-
monary embolism (PE) is that it tends
to be both under-diagnosed and over-
investigated.1 Seventy percent of emboli
are diagnosed at autopsy.2 Even today,
guidelines to investigations are variable
and not always evidence-based. In the
rural setting many of these investiga-
tions are delayed or simply unavailable,
yet a timely decision for or against anti-
coagulation needs to be made. Rural
physicians have the advantage of know-
ing the patient better and can therefore
better assess probability of disease prior
to testing. D-dimer tests, now available
in most rural centres, have proved to be
useful in patients with low probability
of embolism and, if results are negative,
can exclude the diagnosis. Additional
studies such as chest x-ray, other labo-
ratory tests, or ECG can support an
alternate diagnosis. The rest of the
investigation sometimes becomes less
evidence-based, but, given the following
checklist, we should be able to pursue
the diagnosis appropriately with the
help of our imaging colleagues in our
referral centres.

Step 1

Think of the diagnosis.

Avoiding under-diagnosis involves
including PE in the differential. There
are 5 identifiable syndromes.

1. Isolated dyspnea and tachypnea
2. Pneumonic syndrome of pleuritic

chest pain, cough, râles or hemopt-
ysis

3. Central catastrophe of shock,

hypotension, right heart failure or
sudden death. Fortunately this is
uncommon. Timely diagnosis is
unlikely in a rural facility.

4. Chronic recurring emboli leading
to pulmonary hypertension and
right heart failure.

5. Septic emboli (e.g., IV drug abuse
or infected central catheter).

The first 2 syndromes are the most
common and produce the findings that
are most characteristic. Ninety-seven
percent of patients with PE have either
dyspnea, tachypnea or pleuritic pain.2

Other symptoms or signs can include
cough, fever, râles, leg pain and hemop-
tysis. If pneumonia or chronic obstruc-
tive pulmonary disease with exacerba-
tion is the diagnosis, PE should usually
be thought of in the differential.

Step 2

Assess patient risk factors.

Avoiding under-diagnosis involves con-
sidering at higher risk any patient with
features of Virchow’s triad (stasis,
endothelial injury or hypercoagulabili-
ty). This would include patients in the
following scenarios:

1. within 4 weeks of surgery;
2. pregnancy and puerperium;
3. lower limb fracture or paralysis;
4. malignancy;
5. reduced mobility;
6. previous PE, or previous or current

deep venous thrombosis (DVT);
7. cardiovascular or pulmonary dis-

ease;
8. use of oral contraceptives or estro-

gen therapy;
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9. thrombophilias such as protein C and S defi-
ciency, antiphospholipid antibodies and Factor
V Leiden mutation.

Step 3

Apply locally available, less specific
investigations.

The following investigations may provide an alter-
nate diagnosis and avoid over-investigation.

1. Chest x-ray. Only 12% of patients with PE
have a normal chest radiograph.3 Atalectasis,
parenchymal abnormality, pleural effusion, car-
diomegaly or raised hemidiaphragm may be
found, but these findings are neither sensitive
nor specific. Lobar consolidation, however, sug-
gests a diagnosis of pneumonia. Pneumothorax
or pneumomediastinum can suggest an alterna-
tive diagnosis.

2. ECG. This is commonly abnormal in PE, but
never diagnostic. Common changes such as
sinus tachycardia, supraventricular arrhyth-
mias, right bundle branch block, and right axis
deviation are neither specific nor sensitive. ST
changes suggesting pericarditis or infarction are
helpful in providing an alternative diagnosis.

3. Blood gases. Often there is hypoxia with respi-
ratory alkalosis. Gases can be normal 15% of
the time. In PE this may indicate severity of ill-
ness, but it is unlikely to help with diagnosis. A
finding of metabolic acidosis may suggest an
alternative reason for dyspnea and tachypnea.

4. Pulmonary function tests. Often abnormal, but
not specific or sensitive. Not recommended.

5. Echocardiography. Often abnormal in PE and
may be prognostic, but never diagnostic.4 Sel-
dom easily available in rural practice. Not rec-
ommended.

Step 4

Apply Steps 1 to 3 to determine pre-test
probability.

This takes into consideration physical findings, risk
factors and more probable diagnoses to yield the
Wells Score.5 Wells Score points values are calculat-
ed as follows.

• Clinical signs of DVT: 3.0
• Alternative diagnosis less probable

than PE: 3.0
• Heart rate >100 beats/min: 1.5
• Immobilization or surgery <4 weeks ago: 1.5
• Previous DVT or PE: 1.5
• Hemoptysis: 1.0
• Cancer: 1.0

Total points score:6

<2   = low probability with ≤10% risk of PE;
2–6 = moderate probability with 25% risk of PE;
>6   = high probability with ≥60% risk of PE.

Moderate- and high-probability patients should
be administed a low-molecular-weight heparin
(LMWH) anticoagulant while awaiting further
investigation.

Step 5

Consider more specific testing and imaging.

1. D-dimer
• The latex fixation test is not sensitive enough.

The whole blood assay (SimpliRED™; AGEN
Biomedical Limited, Brisband, Australia) is rec-
ommended in patients with low pre-test proba-
bility, to rule out the possibilty of PE in these
patients. More highly sensitive ELISA
[enzyme-linked immunosorbent assay] tests are
available, but have a higher false-positive rate.6

Most rural areas should have access to the Sim-
pliRED™ assay in-house.

• False-positive D-dimer tests are more common
in the elderly, in patients with a history of
recent surgery, or in those with cancer. Such
patients are more likely to have higher pre-test
probability and therefore PE could not be
excluded by D-dimer. This test has no predic-
tive value in patients of intermediate or high
pre-test probability.

• A negative SimpliRED™ D-dimer is suffi-
cient to exclude diagnosis of PE in a low pre-
test probability patient. A patient with a posi-
tive SimpliRED™ D-dimer should be
administered a LMWH anticoagulant while
awaiting further investigation.4

2. Ventilation perfusion (VQ) scan
• Indicated only if chest x-ray is normal and there

is no cardiovascular or pulmonary disease.
• High probability scan makes the diagnosis of

PE in the context of reasonable pre-test prob-
ability of PE.7 False-positives can occur.



• Normal scan effectively excludes PE.7

• 65% of scans are non-diagnostic and require
another test for exclusion.6 Proximal leg ultra-
sonography, weekly for 2 weeks, is usually rec-
ommended, but difficult to schedule on time. It
often does not get done, leading to unnecessary
or prolonged anticoagulation or missed diagno-
sis. Rural patients are at a particular disadvan-
tage in having to travel for multiple tests.

• More limited availability, especially out of
hours.

• Investigation of choice in pregnancy, having
10% of the radiation dose of CT studies.

3. Computerized tomography (CT) pulmonary
angiography and proximal leg venography.
This is not the same as chest CT or pulmonary
angiography. Helical CT is done with rapid
high-pressure contrast injection and imaging
within a few seconds.

• Used if there is an abnormal chest x-ray, car-
diovascular or respiratory disease.

• Some sources recommend this as initial imag-
ing for non-massive PE.8 Good evidence for this
approach may have to wait for the results of the
PIOPED II Study [Prospective Investigation of
Pulmonary Embolism Diagnosis], expected to be
available in 2005.9 Advances in CT imaging are
expected to steadily improve reliability.

• A positive study confirms PE.
• A negative scan is not equivalent to a normal

VQ scan and does not exclude PE.10 An addi-
tional study is required, such as CT venography
or proximal leg ultrasonography. Ideally the lat-
ter study is repeated twice, at weekly intervals.8

• Useful to obtain another diagnosis that would
explain symptoms and exclude PE.

• CT venography done at the same time as CT
pulmonary angiography takes little additional
time and adds to sensitivity. It also identifies
pelvic or abdominal thrombi that would oth-
erwise be missed. There is larger exposure to
both radiation and contrast. This combination
is probably a good “one stop” resource for the
rural patient who has to travel for each inves-
tigation and has faint hope of access to week-
ly leg ultrasonography as recommended in
many guidelines.1 The evidence for accuracy of
this approach awaits the publication of the
PIOPED II data. Meanwhile, there are guide-
lines from the British Thoracic Society that sug-
gest that CT pulmonary angiography is the best
initial imaging modality.8

• Occurrence of venous thromboembolism in
patients with negative CT pulmonary angiogra-
phy and negative leg ultrasonography taken the
same day and repeated in 1 week is as low as
1.5%.11 Study follow-up, however, was only for 3
months, and more robust data are needed. There
are still no good outcome studies assessing CT
venography with CT pulmonary angiography.

• Sometimes more available in centres taking rur-
al referrals and more accessible out of hours.
Timely imaging is always desirable.

• Caution is advised in renal failure, contrast
allergy and pregnancy, where VQ scanning is
usually preferred.

4. Ultrasound of proximal leg veins
• If clinical DVT is present, leg ultrasonogra-

phy can be the initial investigation. If posi-
tive, it is sufficient to confirm PE.8

• In absence of clinical DVT, proximal clot is
found in only 23%–52% of patients with con-
firmed PE when ultrasonography is used. It is
known that 60% of patients with PE have prox-
imal DVT when venography is done. Compres-
sion ultrasonography therefore has limited clini-
cal usefulness as an initial test in absence of leg
symptoms.8

• This is a useful and non-invasive test, but it is
often difficult to obtain a study at an appropri-
ate time — especially for a rural patient.

• This is a recommended additional test for the
patient with a non-diagnostic VQ scan or a neg-
ative CT angiogram. If negative, a repeat is sug-
gested at 1 and 2 weeks if pre-test probability is
intermediate or high.

5. Pulmonary angiography
• Still considered the “gold standard” for PE

diagnosis, this study is reserved for patients at
very high pre-test probability who have other-
wise negative imaging and in whom suspicion
for PE remains very high. This is the province
of the consultant.

• Mortality as a result of the study can be up to
0.5%.

Step 6

Apply Steps 4 and 5 to the algorithm to confirm
or exclude a diagnosis of pulmonary embolism
in your patient.

See Figure 1 for the diagnostic algorithm.
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Negative

Consider the diagnosis

Assess pre-test probability

High Intermediate Low

SimpliRED™ D-dimer test

Start low-molecular-weight heparin

Yes No

High
probability

Non-
diagnostic

Normal

CT pulmonary angiography

Positive Negative Another
diagnosis

Proximal leg ultrasonography
or CT venography

Positive

Weekly leg
ultrasonography, ×2

Positive Negative

Pulmonary embolism — Add warfarin Another diagnosis

Positive Negative

Further investigations:
Abnormal chest x-ray and / or

Cardiorespiratory disease?

Ventilation perfusion scan

Fig. 1. Diagnostic algorithm for diagnosis of pulmonary embolism
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Negative

Consider the diagnosis

Assess pre-test probability

High Intermediate Low

SimpliRED™ D-dimer test

Start low-molecular-weight heparin

Positive Negative Another
diagnosis

CT proximal leg venography

Positive

1st weekly proximal leg
ultrasonography

Positive Negative

Pulmonary embolism — Add warfarin Another diagnosis

Positive Negative

CT pulmonary angiography

Pre-test probability

Intermediate
or High

Low

Strongly
consider

Negative

2nd weekly proximal leg
ultrasonography

Positive

Fig. 2. Streamlined diagnostic strategy for the rural patient
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Step 7

Treat the patient.

The difficult work has been done. Apart from the
rare unstable patient, all patients can be managed in
a rural setting. The unstable patient needs rapid
anticoagulation with unfractionated heparin and
rapid transport for specialty evaluation and pos-
sible thrombolysis.

1. Patients with low pre-test probability and nega-
tive SimpliRED™ D-dimer should have another
diagnosis pursued and have no treatment for PE.

2. Patients with a negative VQ scan should have
another diagnosis pursued and no treatment for PE.

3. Patients with intermediate or high pre-test
probability need to have LMWH started prior
to any further imaging. If a thrombophilia is
suspected, consider drawing blood for studies
prior to anticoagulation.

4. Patients with confirmed PE (through high
probability VQ scan, positive CT pulmonary
angiography/venography or positive proximal
leg ultrasonography) should have warfarin
added. Once INR [international normalized
ratio] is in the 2–3 range, heparin can be discon-
tinued. Recommended duration of warfarin use
appears in Table 1.12,13

5. For unstable patients, anticoagulation is
achieved more quickly with unfractionated
heparin. It would require high pre-test proba-
bility with reasonable exclusion of alternate
diagnoses (such as dissecting aneurysm) before
consideration of anticoagulation in this event.
Thrombolysis can be considered, but must

await further imaging for diagnosis and will
need to be considered in a referral centre.

6. Patients with another diagnosis receive alterna-
tive treatment.

Considerations for rural
physicians

Figure 2 illustrates a streamlined diagnostic strategy
for the rural patient.

1. Exclude PE in a low-probability patient with a
negative SimpliRED™ D-dimer. All other
patients need further work-up.

2. Consider VQ scanning in otherwise healthy
patients with normal chest x-ray, pregnancy,
renal failure or contrast allergy, but remember
that 65% of these will be non-diagnostic and will
need leg ultrasonography concurrently, perhaps
at 1 and 2 weeks. Scanning takes 4–5 hours, and
ultrasonography is difficult to schedule.

3. Strongly consider CT pulmonary angiography
with proximal leg venography as your initial
imaging investigation. It is more widely and
immediately available, and the initial venous
imaging can be done at the same time. It is occa-
sionally going to provide an alternate diagnosis.
Some current guidelines would support terminat-
ing investigation if this were negative,1,8 however,
intermediate- and high-risk patients are still going
to need follow-up ultrasonography at 1 and 2
weeks, if we consider the best evidence at present.

4. Take the trouble to follow patients with nega-
tive CT studies with proximal leg ultrasonogra-
phy at 1 and perhaps 2 weeks. This is often a
scheduling nightmare, and primary physicians
and consultants often overlook this step.

5. In summary: Low probability patients with
negative D-dimer can be excluded. All other
patients can be managed more simply and
quickly by CT pulmonary angiography and
proximal leg venography. Low-risk patients,
if this study is negative, can be excluded. All
other patients should be considered for proxi-
mal leg ultrasonography up to twice, at week-
ly intervals.

References

1. Iles S, Beckert L, Than M, Town I. Making a diagnosis of pulmonary
embolism — new methods and clinical issues. N Z Med J
2003;116:1177.

Table 1. Recommended duration of anticoagulant (warfarin)
use in patients with confirmed* pulmonary embolism (PE)

Description of event
Duration of

anticoagulation

First event, if there is a temporary or
    reversible risk factor (e.g., trauma or
    surgery) at least 3 mo

First event, if the cause of PE is not
    identified at least 6 mo

Recurrent idiopathic PE or continuing risk
    factor (e.g., thrombophilia) at least 12 mo

Symptomatic isolated calf-vein thrombosis 6 to 12 wk
*PE confirmed by high-probability ventilation perfusion scan, positive
CT pulmonary angiography/venography or positive proximal leg ultra-
sonography.
Note: For the full American College of Chest Physicians recommend-
ations visit:
www.chestjournal.org/cgi/content/full/119/1_suppl/176S176S#SEC9

Competing interests: None declared.



Can J Rural Med 2005; 10 (2)

106

2. Tabas J. Pulmonary embolism [audio program]. Audio-Digest Emerg
Med 2002;19(16). Available at: www.audio-digest.org (accessed
2005 Mar 3).

3. Ramzi DW, Leeper KV. DVT and pulmonary embolism: Part I. Diag-
nosis. Am Fam Physician 2004;69(12):2829-36.

4. Geerts B, Demers C, Kearon C. Practical treatment guideline — Sus-
pected PE. The Thrombosis Interest Group of Canada. May 2004.
Available at: www.tigc.org/pdf/suspectpe04.pdf (accessed 2005 
Feb 28).

5. Wells PS, Anderson DR, Rodger M, Ginsberg JS, Kearon C, Gent M,
et al. Derivation of a simple clinical model to categorize patients
probability of pulmonary embolism: increasing the models utility
with the SimpliRED D-dimer. Thromb Haemost 2000;83(3):416-20. 

6. Kearon C. Diagnosis of pulmonary embolism. CMAJ 2003;168
(2):183-94.

7. Value of the ventilation/perfusion scan in acute pulmonary
embolism. Results of the prospective investigation of pulmonary
embolism diagnosis (PIOPED). The PIOPED Investigators. JAMA
1990;263:2753-9.

8. Campbell A, Fennerty A, Miller AC. British Thoracic Society guide-
lines for the management of suspected acute pulmonary embolism.
Thorax 2003;58:470-84.

9. Prospective Investigation of Pulmonary Embolism Diagnosis
(PIOPED) II Study. Available at: www.clinicaltrials.gov/ct/show

/NCT00007085?order=1 (accessed 2005 Feb 28).

10. Perrier A, Howarth N, Didier D, Loubeyre P, Unger PF, de Moer-
loose P, et al. Performance of helical computed tomography in unse-
lected outpatients with suspected pulmonary embolism. Ann Intern
Med 2001;135: 88-97.

11. van Strijen MJ, de Monyé W, Schiereck J, Kieft GJ, Prins MH, Huis-
man MV, et al; for the Advances in New Technologies Evaluating the
Localisation of Pulmonary Embolism Study Group. Single-detector
helical computed tomography as the primary diagnostic test in sus-
pected pulmonary embolism: a multicenter clinical management
study of 510 patients [published erratum appears in Ann Intern Med
2003;139(5 Pt 1):387]. Ann Intern Med 2003;138(4):307-14. Sum-
mary for patients in: Ann Intern Med 2003;138(4):158. 

12. Ramzi DW, Leeper KV. DVT and pulmonary embolism: Part II.
Treatment and prevention. Am Fam Physician 2004;69(12):2841-8.

13. Hyers TM, Agnelli G, Hull RD, Morris TA, Samama M, Tapson V, et
al. Antithrombotic therapy for venous thromboembolic disease.
Chest 2001;119:176S-93S.

RuralMed

Subscription to RuralMed is by request.
Send an email message to: admin@srpc.ca

Include your full name and email
address. If you include a short biography it
will be posted to the list as your introduc-
tion. You can also access both the
RuralMed archives and a RuralMed sub-
scription form through the SRPC home page
at: www.srpc.ca

MedRurale

Pour vous abonner au serveur de liste francophone,
MedRurale, veuillez envoyer un courriel à l’adresse sui-
vante : lamarche@comnet.ca

Donner votre nom au complet et votre adresse de
courriel. Si vous ajoutez aussi une courte biographie, elle
pourra être affichée sur la liste en guise de présentation.
Vous pouvez aussi accéder aux archives de RuralMed et à
un formulaire d’inscription au serveur de liste anglophone
sur la page d’accueil du site de la SCMR, www.srpc.ca

RuralMed: the SRPC listserv
MedRurale : le serveur de liste de la SMRC

A point of care version of this document is available from the
author by email at john.bosomworth@interiorhealth.ca. The
Palm Pilot version requires a registered copy of iSilo docu-
ment reader to manage hyperlinks. A version for the Pocket
PC is also available. All available from the author with per-
mission of the Society of Rural Physicians of Canada.


