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Diagnosis of pulmonary embolism:
Following the evidence from suspicion to
certainty
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Abstract: Accurate, timely and cost-effective identification of pulmonary embolism remains a diagnostic challenge.

This article reviews the pulmonary embolism diagnostic process with a focus on the best practice advice from the American

College of Physicians. Benefits and risks of each diagnostic step are discussed. Emerging diagnostic tools, not included in

the algorithm, are briefly reviewed. (J Vasc Nurs 2018;37:28-42)
Pulmonary embolism (PE) is the third most common cardio-
vascular disease1 with an estimated annual incidence between 60
and 79 cases per 100,000 persons.2 Because up to a third of in-
dividuals with PE do not have any symptoms, these numbers
likely underestimate the problem.3 For example, one recent study
found the prevalence of silent PE in patients with calf vein deep
vein thrombosis (DVT) to be 13.1%.4 Regardless of biological
sex, DVT and PE incidence increase dramatically with age and
obesity.5 Moreover, the longitudinal community-based Framing-
ham study found a venous thromboembolism (VTE) hazard ratio
of 1.69 per every increase in age by 10 years and a VTE hazard
ratio of 1.88 for those with a body mass index greater than 30 kg/
m2.5 Given the obesity epidemic and growing aging population,
PE prevalence is projected to increase.5,6

Survival after PE may lead to chronic health problems. Resid-
ual pulmonary vascular occlusion due to unresolved thrombus
occurs in 20% of PE survivors.7 Individuals with unresolved
thrombus are at risk of developing chronic thromboembolic pul-
monary hypertension (CTEPH), which occurs in 1–4% of people
who survive the initial PE.8,9 Current guidelines10,11 do not
address follow-up screening for CTEPH; thus, the exact percent-
age of CTEPH prevalence is unknown.9 Prompt diagnosis and
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early initiation of evidence-based treatment is essential to help
decrease PE-related morbidity and mortality.

Given that patients with PE can present with a wide variety of
signs and symptoms ranging from asymptomatic to nonspecific
to sudden death, a prompt, accurate diagnosis can be chal-
lenging.10,12,13 Delay in treatment increases the chances of
mortality, so timeliness is important.11,13,14 Unfortunately, the
PE diagnostic process carries risks from radiation and contrast
dye exposure.15–18 Also, once a PE is diagnosed, treatment
creates bleeding risks from anticoagulation and/or thrombolytic
therapy.19–21 Indeed, untreated PE mortality can approach 25%,
whereas PE mortality with therapy is 8%.6,8 Accordingly, the
goal for all patients is a quick, accurate diagnosis while
minimizing risks. Thus, this article will review the current best
evidence (Figure 1) for the PE diagnostic process and discuss
emerging PE diagnostic tools.
ETIOLOGY OF PE

Both PE and DVT comprise the same disease process known
as VTE. A PE is the blockage of one or more branches of the pul-
monary artery resulting in lack of perfusion to the alveoli.22 The
risk of developing a thrombus is often described with Virchow’s
triad, which includes venous stasis, endothelial injury, and hyper-
coagulability of the blood.23 Venous stasis, pooling or slowing of
venous blood flow, occurs with immobility, calf muscle weak-
ness, and ankle/leg trauma. Endothelial injury arises from blood
vessel injury, trauma, instrumentation, or the shear force associ-
ated with hypertension. Hypercoagulability is associated with
cigarette smoking, hormone therapy, certain genetic conditions,
cancer, obesity, and pregnancy.10,24,25 Venous thrombi usually
attach to the vessel at a site of injury and/or stasis and extend
in the direction of blood flow.

When a thrombus dislodges, it embolizes to another location
until it cannot pass any further, causing vessel occlusion. Most
PEs arise from leg DVT.13,26 Embolization risk is greater with
proximal, above-the-knee DVT versus distal, below-the-knee
DVT.14,27 Nonthrombotic PE is rare and results from
embolization of amniotic fluid, tumor or fat particles, gas, or
foreign material.28 Regardless of the etiology, a PE impairs
perfusion of the pulmonary vascular bed.22 As a result, alveolar
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Figure 1. American college of physicians best practice advice. PE = pulmonary embolism; PERC = pulmonary embolism rule-out criteria.
*Using either a clinical decision rule or clinician gestalt. Adapted and used with permission from the American College of Physicians Best
Practice Advice (Raja, A. et al, 2015).11
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dead space (AVDS), an area of the lung ventilated without perfu-
sion, increases (Figure 2).
CLINICAL PRESENTATION OF PE

PE diagnosis is a stepwise process that begins with the health-
care provider’s evaluation of the clinical presentation. Patients
with PE may present with a variety of nonspecific signs and
symptoms which overlap with multiple other conditions and
range from very mild to devastating severe shock states.10,11,14

The most common PE symptoms include pleuric and
nonpleuric chest pain, sudden onset of dyspnea, leg pain,
EtCO2 20 m
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Figure 2. Pulmonary embolism alters alveolar dead space and end-tidal
pressure of alveolar carbon dioxide; PvCO2 = partial pressure mixed v
fatigue, anxiety, and hemoptysis.10,11,14 Unfortunately, these
symptoms are not unique to PE. For example, in a recent
observational study of emergency department (ED) patients,
Kelly et al.29 (2017) found that although dyspnea is observed
in 5.2% of all ED patients, only 1.2% of those patients were
definitively diagnosed with a PE.

Clinical signs of PE may include electrocardiographic
changes, leg swelling, low end-tidal carbon dioxide (EtCO2),
new onset atrial arrhythmias, hypotension, severe right-heart fail-
ure (sudden shortness of breath, pink sputum, atrial fibrillation,
severe weakness/fatigue, tachycardia, low cardiac output), syn-
cope, and/or tachypnea.10,14,30 Likewise, these signs are not
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carbon dioxide. EtCO2 = end-tidal carbon dioxide; PACO2 = partial
enous carbon dioxide.
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TABLE 1

CLINICAL DECISION RULES (CDR) FOR THE DIAGNOSIS OF PULMONARY EMBOLISM (PE)

Positive Indicators

Wells/
Canadian36

(Point Value)
Modified Wells37

(Point Value)

Simplified
Wells37 (Point

Value)
Geneva38 (Point

Value)
Revised Geneva39

(Point Value)

Simplified Revised
Geneva9 (Point

Value)
PERC/Charlotte40

(Indicators)

VTE history DVT or PE
(1.5 points)

DVT or PE
(1 point)

DVT or PE
(1 point)

DVT or PE
(2 points)

DVT or PE
(3 points)

DVT or PE
(1 point)

DVT or PE
(presence)

Recent
immobilization,
surgery,
or trauma

Immobilization
$3 days or
surgery
# 4 weeks
(1.5 points)

Immobilization
$ 3 days or
surgery # 4
weeks (1 point)

Immobilization
$ 3 days or
surgery # 4
weeks (1 point)

Surgery # 4
weeks (3 points)

Surgery or LE
fracture # 1
month (2 points)

Surgery or LE
fracture # 1
month (1 point)

Recent surgery or trauma
# 1 month (presence)

Heart rate >100 (1.5 points) >100 (1 point) >100 (1 point) >100 (1 point) 75–94 (3 points)
$95 (5 points)

75–94 (1 point)
$95 (1 point)

>100 (presence)

DVT clinical signs
and symptoms

Minimum of leg
swelling and
pain with
palpation of
deep veins
(3 points)

Minimum of leg
swelling and
pain with
palpation of
deep veins
(2 points)

Minimum of leg
swelling and
pain with
palpation of
deep veins
(1 point)

Not assessed Unilateral LE pain
(3 points); pain on
limb palpation40

unilateral edema
(4 points)

Unilateral LE pain
(1 point); pain on
limb palpation40

unilateral edema
(1 point)

Unilateral leg swelling
(presence)

Age in years Not assessed Not assessed Not assessed 60–79 (1 point)
$80 (2 points)

$65 (1 point) $65 (1 point) $50 (presence)

Hemoptysis Hemoptysis
(1 point)

Hemoptysis
(1 point)

Hemoptysis
(1 point)

Not assessed Hemoptysis
(2 points)

Hemoptysis
(1 point)

Hemoptysis
(presence)

Malignancy Treated
malignancy
# 6 months or
palliative
(1 point)

Treated
malignancy
# 6 months or
palliative
(1 point)

Treated
malignancy
# 6 months or
palliative
(1 point)

Not assessed Active malignancy
or cured < 1 year
(2 points)

Active malignancy
or cured < 1 year
(1 point)

Not assessed

Oxygenation Not assessed Not assessed Not assessed PaO2 by RA ABG
<49 (4 points);
49–59 (3
points); 60–71
(2 points);
72–82 (1 point)

Not assessed Not assessed SaO2 < 95% (on room
air) (presence)
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Ventilation Not assessed Not assessed Not assessed PaCO2 by RA
ABG <36 (2
points), 36–39
(1 point)

Not assessed Not assessed Not assessed

PE clinical suspicion Alternative
diagnosis less
likely than PE
(3 points)

Alternative
diagnosis less
likely than PE
(2 points)

Alternative
diagnosis less
likely than PE
(1 point)

Not assessed Not assessed Not assessed Not assessed

Diagnostic testing Not assessed Not assessed Not assessed Chest X-ray;
plate-like
atelectasis (1
point); elevated
hemidiaphragm
(1 point)

Not assessed Not assessed Not assessed

Medications Not assessed Not assessed Not assessed Not assessed Not assessed Not assessed Hormone use (presence)

Range of scores and
interpretation of
clinical
probability

Range: 0–12.5;
3 level
(original)
scoring > 6 is
high; 2–6 is
moderate; <2 is
low; 2 level
(Wells 4)
scoring > 4 PE
likely # 4 PE
unlikely

Range: 0–9;
>2 PE likely;
#2 PE unlikely

Range: 0–7;
>1 PE likely;
#1 PE unlikely

Range: 0–16;
$9 high; 5–8
intermediate;
0–4 low

Range: 0–22; $11
high; 4–10
intermediate;
0–3 low

Range: 0–9; 3 level
scoring: $5 high;
2–4 intermediate;
0–1 low. 2-level
scoring: 3 $ PE
likely; 0–2 PE
unlikely

No score calculated.
Absence of all
indicators rules out PE
in a low-probability
group

ABG = arterial blood gas; DVT = deep vein thrombosis; LE = lower extremity; PE = pulmonary embolism; PERC = Pulmonary Embolism Rule-Out Criteria; RA = room air; VTE = venous thromboembo-

lism.Table modified and adapted from *Wells et al, 2000; **Gibson et al, 2008; #Wicki et al, 2001; ##LeGal et al, 2006; ###Klok et al, 2008; +Kline et al, 2004.40
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exclusive to PE. For instance, although syncope is associated
with acute submassive PE,30,31 syncope is only observed in
about 12.3% of acute PE patients.30,31 Indeed, no PE sign or
symptom viewed in isolation has the ability to diagnose or
exclude PE.10,11,14 Nonetheless, clinical presentation, while
nonspecific, is the foundation for determining the need for
further diagnostic testing.
PE PROBABILITY DETERMINATION

Current clinical guidelines10,11 recommend using a validated
clinical decision rule (CDR) to assist with the PE diagnostic
process. Without a PE CDR to assess probability, the clinician
would use their gestalt or best guess based on prior experience
to determine PE likelihood. Although accuracy of an
experienced clinician’s gestalt may be similar to that of a
CDR,14,32 a CDR provides a standardized approach for less
experienced clinicians or those who infrequently evaluate
patients for suspected PE.11 Specifically, a PE CDR quantifies
signs and symptoms to determine PE probability and need for
further testing.11,33 Ultimately, the PE CDR provides a
numerical score that categorizes the patient’s PE likelihood. A
patient with an intermediate- or high-probability CDR score
will require further diagnostic testing.10,11

Multiple PE CDRs have been developed; some have been
revised, modified, and/or simplified, and some are referred to
by more than one name. Clinicians should note that Wells created
two CDRs—a DVT CDR34 and a PE CDR.35 For this article, we
only address PE CDRs. Table 1 provides an in-depth comparison
of the indicators, scoring, and probability interpretation of the
most commonly used PE CDRs.

Both the Wells and Geneva PE CDRs are considered valid
tools for determining pretest probability11; however, neither is
considered ‘‘better’’ at PE risk stratification.32,41 Indeed,
Douma et al41 determined that when the PE CDR results were
combined with a normal highly sensitive d-dimer test, accuracy
indices (sensitivity [all were 99.5%], specificity [range: 29–
31%], and negative predictive values (NPVs) [range: 99.4–
99.5%]) were quite similar. Furthermore, simplified versions of
the Wells and Geneva CDRs improved usage as clinicians could
easily calculate the simplified CDRs from memory.41

The Pulmonary Embolism Rule-Out Criteria (PERC), the
newest CDR, is unique in that it was purposefully created to
assist with identifying patients at very low PE risk and excluding
them from a PE diagnosis.40 A patient is determined to have a
low clinical probability of PE if all nine of the PERC (Table 1)
are absent; thus, a PE diagnosis is excluded, and further diag-
nostic testing is avoided.14,42 A meta-analysis of 12 studies
involving 14,844 patients from seven countries confirmed the
safety of the PERC for use in a clinically low-risk population,
showing that the risk of missed PE was only 0.3% with a pooled
sensitivity of 97% and a pooled specificity of 22%.43 Of note, the
PERC has not been validated in hospitalized patients33 and
should only be used for patients considered to have very low
risk as determined by clinician gestalt or a validated CDR.10,11

To provide an accurate and reliable assessment, a CDR must
be completed correctly. For example, one study evaluated the in-
terrater reliability of the PERC andWells PE CDR and found that
clinician disagreement occurred with the following PE indica-
tors: unexplained hypoxia, immobilization, and alternative diag-
nosis less likely than PE.44 Although the CDR provides a
valuable first step in the diagnosis of PE, CDR use adherence
has not been methodically evaluated.33 Factors leading to CDR
nonadherence may be lack of education about CDRs, resistance
to ‘‘cookbook’’ approaches to differential diagnosis, and lack of
electronic medical record (EMR) support.33 To facilitate CDR
adherence, health-care agencies need to select a single CDR to
be used to provide education to the medical and nursing staff
on correct usage and interpretation of the CDR and incorporate
the CDR into the EMR.11,33

Although the CDRs provide a valuable first step in the PE
diagnostic process, they also have limitations. Validity testing
is limited within certain populations. Specifically, CDRs need
more validation in elderly, hospitalized, and pregnant patient
populations.10,45
D-DIMER

Current clinical guidelines10,11 recommend using d-dimer
testing in patients who do not meet all the PERC and those
with an intermediate PE probability score from a Wells or
Geneva CDR. D-dimer is a fibrin degradation product, a
fragment released into the circulation during fibrinolysis. The
quantitative method for measuring d-dimer is more accurate
than a qualitative laboratory analysis.46 The quantitative analysis
d-dimer will be positive if the value is $500 nanograms per
milliliter (ng/mL) and negative if the value is #499 ng/mL.46

D-dimer is elevated (i.e., positive d-dimer) in many normal
and pathologic conditions where a thrombus is present, such as
acute myocardial infarction, acute thromboembolic stroke,
disseminated intravascular coagulation, DVT, PE, after surgery,
and after trauma.46,47 Additional nonthrombotic conditions that
can lead to a positive d-dimer include acute kidney injury,
advanced age (>50 years), cancer, heart failure, hemodialysis,
high rheumatoid factor, inflammation, pregnancy and
postpartum, sepsis, and severe liver disease.48 Owing to the large
number of false-positive results, d-dimer use is limited to patients
who do not have a clinical condition that will stimulate the fibri-
nolytic system.10,11,46,48 Although a positive d-dimer can be
useful in the PE diagnostic process, it is not sufficient of itself
to diagnose a PE. Consequently, patients with an intermediate
CDR score and a positive d-dimer will require further testing
to definitively determine PE presence or absence.10,11

In contrast, a negative d-dimer is very sensitive for absence of
a blood clot.46 A false-negative d-dimer occurs in <1% of pa-
tients but may be seen if the blood sample is drawn too soon after
a clot has formed (<12 hours), too long after clot formation
(>1 week), after the initiation of anticoagulation, or in patients
with chronic PE.14,25,49 A Cochrane review, several
investigative teams, and the current clinical guidelines have all
concluded that a low PE probability score on a validated CDR
when used in combination with a negative, high-sensitivity d-
dimer test can safely exclude PE with a NPV of
95%.11,32,41,46,47,50,51 That said, recent research suggests that
clinicians often order expensive and unnecessary radiologic
tests such as computed tomography pulmonary angiography
(CTPA) even in the presence of a negative d-dimer.52–55

https://doi.org/10.1016/j.jvn.2018.10.007
https://doi.org/10.1016/j.jvn.2018.10.007
http://www.sciencedirect.com/journal/journal-of-vascular-nursing


Vol. XXXVII No. 1 JOURNAL OF VASCULAR NURSING PAGE 33
www.sciencedirect.com/journal/journal-of-vascular-nursing
Limitations of d-dimer testing need to be acknowledged. D-
dimer requires a venous blood sample from the patient and labo-
ratory analysis, which both add time to the diagnostic process. In
addition, 24-hour laboratory testing may not be available at all lo-
cations or with all prehospital evaluations. Recent technological
advances have made d-dimer point-of-care testing available. The
recent development of point-of-care testing may assist with
increasing d-dimer testing availability and decreasing the time
to obtain results.46 Since d-dimer levels increase with age, normal
value ranges must be adjusted according to age ($50 years). Age-
adjusting d-dimer improves the number of older adults who can be
safely excluded as having a PE; however, many false-positives still
remain, especially among those over the age of 65 years.10,50,56–58

Furthermore, d-dimer use has not been evaluated in pregnant or
immediate postpartum patient populations.59
RADIOLOGIC IMAGING

When indicated, radiologic imaging provides the most accu-
rate and reliable PE diagnosis. According to the American Col-
lege of Physicians and European guidelines, radiologic
imaging is indicated for patients who do not meet all the
PERC, have an intermediate PE clinical probability plus a posi-
tive d-dimer, or have a high PE clinical probability10,11

(Figure 1). Radiologic imaging for definitive PE diagnosis can
include CTPA, pulmonary angiography, and/or ventilation to
perfusion (V/Q) scanning.
Computed tomography pulmonary angiography

The CTPA has now replaced the pulmonary angiogram as the
accepted gold standard for PE diagnosis.10,11,60,61 CTPA is fast,
reliable, and easily accessible in most hospital settings. The
Prospective Investigation of Pulmonary Embolism Diagnosis
(PIOPED) II study determined the CTPA to be 83% sensitive
and 96% specific with a 96% positive predictive value (PPV)
in patients with a high or low clinical probability and 92%
PPV in patients with an intermediate-probability Wells score.62

Improved technology has made the multidetector CTPA both
sensitive and specific for PE diagnosis, and when used in
conjunction with other clinical predictors (CDR and d-dimer),
only 5% of CTPAs are inconclusive.53,63 Thus, the clinician
can be confident in both the negative and positive CPTA
results. It should be noted, however, that obesity and severe
tachypnea increase the rate of inconclusive examinations to
10%.14 Another useful aspect of this imaging study is that
CTPA can provide the clinician with an alternative diagnosis
when the scan is negative for PE. For example, in a study by
van Es,64 the CTPA provided an alternative diagnosis for the pre-
senting symptoms in roughly 50% of the PE-negative patients.

CTPA overuse. The downside to CTPA accessibility is over-
use of the technology.10,11 CTPA overuse leads to unnecessary
exposure to imaging-related risks and increased health-care
costs. Nationally, only about 10% of CTPA scans are positive
for PE, indicating a large number of negative results and potential
to eliminate unnecessary examinations.53 For example, Parikh
et al53 found that CTPAwas being used on patients with a nega-
tive d-dimer, which is contrary to current PE guidelines. CTPA
overuse also has been noted in settings where clinicians do not
routinely use a PE CDR or when errors are made in the calcula-
tion of the CDR related to education or infrequent use.65 Indeed,
in one single-center study where d-dimer and PE CDRs were not
regularly used, 55% of patients received an unnecessary CTPA.66

Moreover, CTPA also is being overused in older adult and female
patients being evaluated for PE.67,68 Adherence to PE practice
guidelines has been shown to increase the diagnostic yield of
CTPA.69 For example, the use of a computerized diagnostic de-
cision support system resulted in a 25% decrease in CTPA
testing, indicating it may be an effective strategy to help elimi-
nate CTPA overuse.70

CTPA risks. Although CTPA provides a definitive diagnosis,
it also carries significant risks including radiation exposure,
allergic reaction to intravenous (IV) contrast, and contrast-
induced nephropathy (CIN). ACTPA exposes the patient to a sig-
nificant amount of ionizing radiation that typically ranges be-
tween 10 to 20 millisieverts (mSv) with some reports as high
as 70 mSv.14,51 The current industry standard for occupational
radiation exposure is 50 mSv/year.71 The proposed 2018 Interna-
tional Commission on Radiologic Protection guideline suggests
lowering occupational exposure to <10 mSv/year with an attempt
to keep the yearly dose to 2–4 mSv or less. Exposure to 100 mSv
has a 1% increased risk of developing cancer in a lifetime.71

Medical imaging is the primary source of radiation exposure in
the United States.71,72 Exposure to >10 mSv is thought to be
carcinogenic, leading to an increased risk of leukemia, thyroid
cancer, and breast cancer.73 The risk of radiation exposure varies
by tissue and organs. Breast tissue is one of the more sensitive with
only 13 mSv of radiation needed to increase the risk of breast can-
cer.74 Compared with a 2-view mammography, the CTPA exposes
women to a 10- to 20-fold increase in radiation.74,75 Younger age
at exposure, along with genetic factors, may increase the risk of
radiation injury.73,76 Critically ill patients have an even greater
risk of exposure as they often undergo repeated computed
tomography scans.71 Avoiding unnecessary CTPA is an important
strategy to decreased radiation risks.

Contrast is given to enhance the quality of the imaging.
Life-threatening reactions to IV contrast occur in 0.1% of the
population, with an unexpected death rate from the allergic reac-
tion being 1 in 75,000.77 The incidence and severity of allergic
reaction in ED patients is low (0.2%) with 70% described as
mild and 30% as moderate. The most common allergic reactions
are skin or mucosal (92%) ones followed by respiratory reactions
(22%), with gastrointestinal allergic reactions being the lowest
(4%). Allergic symptoms typically occur within 5 minutes of
contrast injection and include urticaria (61%), sneezing/rhinor-
rhea (32%), and shortness of breath (22%).78 Patients with a his-
tory of allergic reactions can be pretreated with steroids and
antihistamines to mitigate the development of a reaction; howev-
er, pretreatment usually occurs over several hours. In emergency
situations or when allergy history is unknown, clinicians need to
be prepared to treat allergic reactions.78

CIN is defined as an increase in serum creatinine by 25% over
baseline which occurs 48 to 72 hours after contrast administra-
tion. Risk factors for CIN include diabetes mellitus, chronic kid-
ney injury, heart failure, and nephrotoxic medications.79

Administration of normal saline before the IV contrast appears
to decrease CIN risk in patients with one or more CIN risk fac-
tors.18 Recent studies suggest that the CIN risk may have been
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TABLE 2

SUMMARY OF TESTING OPTIONS FOR PULMONARY EMBOLISM (PE) DIAGNOSIS

Tests Advantages Disadvantages

Preliminary testing: Used early in diagnostic process to determine if further testing is necessary

PE clinical
diagnostic rules
(CDR)

� Guide clinician as to low, moderate, or high
probability for PE

� Easy
� Quick
� Can eliminate unnecessary tests
� Requires minimal education
� Best results obtained with CDR

standardization and integration into EMR

� Pisa CDR requires dedicated website for
calculation and interpretation.

� Wells DVT CDR may be confused with Wells
PE CDR.

� PERC not validated for inpatient use.
� Inconsistent use leads to less reliable results.

D-dimer � Highly sensitive for the presence of clot
� Negative result can help rule out PE
� Widely available in hospitals
� May be available as a point-of-care test

(POCT)
� Use with CDR may help determine need for

further testing

� Requires venipuncture
� Time delay for results, if not POCT
� May not be available in all prehospital

settings
� Low specificity
� Positive result not specific for PE
� May not be useful in hospitalized patient

population

Definitive testing: used for final diagnosis

Computed
tomography
pulmonary
angiogram (CTPA)

� Preferred test for definitive PE diagnosis
� Widely available in hospital setting
� Quick results (�10 minutes for to complete

test)
� May identify other causes of patient signs and

symptoms
� Lower fetal radiation exposure

� Requires clinician skilled in performing and
interpreting results

� 5% of results are indeterminate
� Not available in prehospital settings
� Not available as a bedside procedure
� Requires IV accessable to withstand a power

injection (5–10 mL/second)
� Moderate radiation (10–20 millisiverts

[mSv])
� High breast radiation exposure
� Potential for renal injury and/or allergic

reaction from IV contrast exposure

Ventilation to
perfusion Scan

� Able to determine the presence of PE (high-
probability scan) or absence of PE (normal
scan)

� Good option if CPTA is contraindicated
� Widely available in hospital setting
� Able to be completed at the bedside
� No contrast risk
� Lower radiation exposure to breast tissue

� Requires a trained clinician to perform
procedure and interpret results

� Not available in prehospital settings
� Requires IV access
� Longer time to complete testing

(�90 minutes)
� Minimal radiation exposure (0.28–0.9 mSv)
� Higher fetal radiation exposure than CTPA
� Harder to interpret results with underlying

lung pathology
� Most scans categorized as low or

intermediate probability preventing definitive
diagnosis

(Continued )
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TABLE 2

CONTINUED

Tests Advantages Disadvantages

Catheter pulmonary
angiography

� Definitive diagnosis
� Can provide therapeutic intervention

(catheter-directed thrombolysis or
thrombectomy) along with diagnostic
testing

� Requires a physician and team skilled in
performing test

� Not available at all hospitals
� Not available as a bedside procedure
� Not available in prehospital settings
� Delay in obtaining procedure, especially

during off-hour shifts
� Invasive procedure
� Risk of infection, bleeding, nerve, and blood

vessel damage
� Moderated radiation (6 mSv)
� Potential for renal injury and/or allergic

reaction from IV contrast exposure

Adjunct testing: adds information to help interpret results of other tests and further refines risk assessment

Electrocardiogram � Easy to obtain
� Noninvasive
� Can be completed at the bedside
� Immediate results
� Widely available including prehospital settings
� Can detect right ventricular (RV) strain
� May provide alternative explanation for signs

and symptoms

� Not specific for PE

Transthoracic
echocardiogram

� Noninvasive
� Can be completed at the bedside
� Immediate results
� May be available in prehospital settings
� Can determine the presence and severity of

RV strain
� May provide alternative explanation for signs

and symptoms

� Requires a trained clinician to perform and
interpret results

� Imaging capability limited in morbidly obese
individuals

� Not specific for PE

Chest X-ray � Noninvasive
� Can be completed at the bedside
� Results immediately available
� Widely available including prehospital

settings
� Can determine if pulmonary infarct is present
� May provide alternative explanation for signs

and symptoms

� Requires a trained clinician to perform and
interpret results

� May not be available in some prehospital
settings

� Exposure to minimum radiation (0.1 mSv)
� Potential delay related to interpretation by

radiologist
� Not specific for PE

Compression
ultrasonography

� Noninvasive
� Can be completed at the bedside
� Results immediately available
� Widely available in hospital setting and some

prehospital settings
� Able to determine the presence and location

of venous thrombus, if present

� Requires a trained clinician to perform and
interpret results

� Delay in interpretation
� May not be available in prehospital settings
� Imaging capability limited in morbidly obese

individuals
� Not specific for PE
� May not be able to distinguish new from

preexisting thrombus

(Continued )
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TABLE 2

CONTINUED

Tests Advantages Disadvantages

Emerging diagnostic tools

End-tidal carbon
dioxide (EtCO2)
(Capnography)

� Easy to perform
� Immediate results for absolute EtCO2

� Widely available in hospital and prehospital
settings

� Can determine the presence or absence of
alveolar dead space (AVDS)

� May be used with other assessments to guide
further testing (positive D-dimer)

� Potential to eliminate unnecessary CTPA in
some patients

� Increased AVDS not specific for PE
� Some capnography methods require an ABG

and mathematical calculations (alveolar dead
space calculation and EtCO2 gradient)

� Delay in results if ABG is needed
� Lack of established cutoff value for PE

exclusion

Goal-directed point-
of-care ultrasound

� Improves accuracy of CDR by providing
objective measurements of DVT and/or other
diagnosis likely

� Potentially available in all settings including
prehospital

� Multiple-organ testing increases accuracy

� Lack of trained clinicians
� Lack of specific protocols
� May not be specific for PE

ABG = arterial blood gas; DVT = deep vein thrombosis; EMR = electronic medical record; IV = intravenous; PERC = Pulmonary Embolism Rule-Out

Criteria.
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over estimated and is actually lower than what is previously
thought.17,80 Depending on the baseline glomerular filtration
rate, the incidence of CIN ranges from a low of 1% to a high
of 14%.17,80,81 Fortunately, research suggests that only 0.06%
of patients require renal replacement therapy after a computed
tomography examination. Although the incidence of CIN is
low, unnecessary exposure to IV contrast should, nonetheless,
be avoided.
Ventilation to perfusion scan

The V/Q scan has largely been replaced by the more accurate
CTPA; however, there remains a role for V/Q scans in patients at
increased risk for radiation exposure (pregnancy), contrast al-
lergy, and contrast exposure (renal injury).10,11,27,59,75,82

Although the patient is exposed to radiation with the V/Q scan
(range: 0.28 to 0.9 mSv), the dose is considerably lower than
that received from a CTPA.60,75 Another advantage of the V/Q
scan is that it can be performed at bedside if a patient is too
hemodynamically unstable to travel to the diagnostic imaging
suite. The V/Q scan requires the patient to breathe radioactive
gas, followed by the IV injection of a radioactive material
which allows the comparison of the areas in the lung that are
ventilated to the areas in the lung that have perfusion. A
normal V/Q scan can rule out a PE (NPV near 100%), and a
high-probability V/Q scan can diagnosis a PE (97% spe-
cific).19,82–84 Unfortunately, nearly 50% of the V/Q scans will
fall in the gray area of low- and intermediate-probability scans
which are less useful to the clinician.63,84 The low-probability
V/Q scan has less than 20% likelihood of the patient having a
PE, and the intermediate-probability V/Q has 20 to 80%
likelihood.84

Limitations of the V/Q scan include availability, length of the
test, imprecision of the test, and exposure to radiation and IV
contrast. The V/Q scan can take up to 90 minutes to complete,
thereby slowing the diagnosis of PE. Lack of availability of 24/
7 radiology staff who can perform and interpret the examination
limits the availability at some health-care facilities. The clinician
may have to supplement the less precise (low and intermediate
probability) V/Q scan results with the other clinical information
(eg, transthoracic echocardiogram (TTE), compression ultra-
sound) to help determine PE likelihood. In addition, the V/Q
scan is not available in the prehospital setting.
Pulmonary angiogram

Pulmonary angiogram was long considered the gold standard
for PE diagnosis; however, it also has been replaced by CTPA.
Although excellent for PE diagnosis, the pulmonary angiogram
is an invasive procedure that carries significant risks such as cen-
tral venous cannulation (vessel injury, infection, bleeding) and
IV contrast exposure (allergic reactions, nephrotoxicity).14,60

The pulmonary angiogram can be difficult to obtain after
business hours as it requires a specialist trained in performing
the procedure. In addition, although the fluoroscopy system
adjusts the radiation dose to body size, on average, the
radiation exposure is approximately 6 mSv.85

The pulmonary angiogram may be used if treatment such as
catheter-directed thrombolysis or thrombectomy is planned.10

Catheter-directed thrombolysis increases the risk of bleeding
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complications associated with the procedure10; however, there
are lower bleeding risks than systemic thrombolysis in a high-
risk population.20 Pulmonary thromboembolectomy is mainly
reserved for the patient with CTEPH versus the acute PE.20

Many health-care facilities will not have the skilled team
required for catheter-directed procedures and therapies.20
ADDITIONAL DIAGNOSTIC STUDIES

Chest X-ray

The chest X-ray (CXR) is neither sensitive nor specific for
PE but can be useful when excluding other causes of chest
pain and dyspnea with findings such as pneumonia or pneumo-
thorax.84,86 The optimum CXR study for the PE diagnostic
process includes posterior and lateral chest views.86 In about
10% of PE-positive patients, the CXR will have a wedge-
shaped opacity (Hampton Hump) indicative of a pulmonary
infarction.51,87 Additional CXR findings that might suggest PE
presence include atelectasis, cardiomegaly, elevated
hemidiaphragm, enlarged major pulmonary artery (Fleischner
sign), focal hypovolemia with collapse of vessels (Westermark
sign), pleural effusion, and/or pulmonary infiltrates.86 Research
suggests that senior ($10 years of experience) and junior radi-
ologists (#4 years of experience) only have fair interrater
agreement (k = 0.24; confidence interval [CI]: 0.19–0.29) for
determining PE presence or absence based on CXR.86 Advan-
tages of the CXR are that it can be performed at the bedside,
can determine the cause of pulmonary symptoms, and direct
further radiologic testing. Limitations of the CXR include its
low specificity for PE diagnosis and lack of availability in all
health-care settings, particularly in the prehospital arena. In
addition, CXR does expose the patient to a low dose of radiation
(�0.01 mSv).76

Electrocardiogram

Because the electrocardiogram (ECG) cannot definitively di-
agnose PE, an ECG may be ordered in an effort to evaluate
nonspecific symptoms such as chest pain or dyspnea. For
example, the ECG is often used to rule out acute cardiac ischemia
as the cause of dyspnea and/or chest pain.14 Advantages of the
ECG is that it is noninvasive, easy to perform, easy to interpret,
and readily available in multiple health-care settings.

In most cases of PE, the ECG will be completely normal,
especially in patients aged <60 years.88 The ECG of a person
with a PE may show nonspecific changes such as sinus tachy-
cardia, atrial arrhythmias, right axis deviation, and a right
bundle branch block.88 Although classic ECG signs of right
ventricular (RV) strain such as an S-wave in lead I, a Q-wave
in lead III, and an inverted T-wave in lead III (S1Q3T3) can
be seen,89 research suggests that only 3% of PE-positive pa-
tients have the classic S1Q3T3 findings.88 Indeed, the most
common ECG abnormalities were T-wave inversion (34.4%),
T-wave flattening (29.5), and sinus tachycardia (27.3%).88 The
increased availability of the ECG stored in the EMR allows
the clinician to compare current and prior ECGs and more
easily identify new ECG changes. That said, the ECG cannot
be a primary diagnostic tool for PE due to the nonspecific nature
of any ECG changes.
Compression ultrasonography

Because a proximal DVT carries the greatest risk of PE,90 a
compression ultrasonography (CUS) can be used to identify the
presence and location of a DVT.10 When a DVT is present, the
vein will not compress at the location of the thrombus. CUS
has a sensitivity of 90% and a specificity of about 95% for symp-
tomatic DVT.10 If a patient has had a DVT in the last 12 months,
remaining thrombus remnants may limit CUS accuracy in iden-
tifying new thrombus.79,91 If prior CUS images are available,
the accuracy of identifying new thrombus is improved.79 Advan-
tages of CUS are that it is an inexpensive, noninvasive option that
does not involve exposure to IV contrast or radiation for DVT
diagnosis; however, it is not currently available in the prehospital
setting.

Although DVT presence is most certainly a risk factor for PE,
it is not diagnostic for a PE. Salaun90 found that 50% of the pa-
tients positive for a proximal DVTwere also positive for PE. That
said, the presence of a proximal DVT can guide the clinician to
order further testing. For example, CUS can be used in conjunc-
tion with CTPA. If the CTPA is negative for PE and the CUS is
positive for DVT, patients would qualify for anticoagulation
which may prevent a future PE.10,20,92 It should be noted,
however, that the absence of a DVT cannot completely
eliminate the possibility of a PE.

Transthoracic echocardiogram

PE will rarely be diagnosed by a TTE.93 Similar to the ECG,
the usefulness of the TTE is in the identification of RV strain that
may be the result of a PE.10 TTE can assess for the classic
McConnell’s sign, regional RV dysfunction with akinesis of the
mid-free wall with normal apical wall motion.94,95 The original
study found that the McConnell’s sign was 77% sensitive and
94% specific for the diagnosis of acute PE, with a positive
predictive value of 71% and an NPV of 96%.94 Caution must
be exercised, however, because clinical conditions other than
PE may cause a McConnell’s sign such as intracardiac shunts,
pulmonary regurgitation, tricuspid regurgitation, and/or tricuspid
stenosis.95,96

A systematic review and meta-analysis of 24 studies deter-
mined that signs of right-heart strain yielded a positive likelihood
ratio (PLR) of 3.12 compared with a lack of signs for right-heart
strain having a negative likelihood ratio (NLR) of 0.57.97 The
meta-analysis pooled signs used for right-heart stain including
10 discrete assessments (60/60 sign, RV hypokinesis, McCon-
nell’s sign, pulmonary arterial hypertension, visualization of a
right-heart thrombus, RV to left ventricle ratio, RV end-
diastolic diameter, abnormal or paradoxical septal motion,
tricuspid regurgitation, tricuspid annular plane systolic excur-
sion, and RV systolic pressure).97 Individual analysis of the signs
indicated that right-heart thrombus was not statistically signifi-
cant for sensitivity or specificity, whereas both the 60/60 sign
and the tricuspid annular plane systolic excursion were only sig-
nificant for specificity.97 Although TTE can be useful to further
evaluate a clinician’s suspicion of PE, clinicians cannot exclude
PE based on a normal TTE because not all PE will cause RV
strain.97–99 Furthermore, in the situation of a PE, the TTE can
help the clinician to quantify the hemodynamic consequences
of a PE, to classify the severity of PE and guide therapy.95 For
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example, a patient with RV strain and also has a systolic
BP < 90 mmHg is considered to have a massive PE and meets
the criteria for treatment with thrombolytic therapy.10,20,21,51

The TTE also can be used in conjunction with CUS in the
critically ill patient who is too unstable to transfer for further
diagnostic testing.
EMERGING DIAGNOSTIC TOOLS

Point-of-care ultrasound

Point-of-care ultrasound (POCUS) is becoming more avail-
able. Nazerian et al performed an observational study using a
POCUS of the legs and lungs to modify the Wells CDR for either
presence or absence of DVTand whether an alternative diagnosis
is less likely than PE.100 The results showed that integrating the
POCUS for determining the Wells score improved the sensitivity
to 69.6% and specificity to 88.2% from 57.6% and 68.2%,
respectively, without the POCUS.100 Both the presence of DVT
and alternative diagnosis aspects of the Wells are subjective.
The POCUS added an objective measure, thereby improving
the Wells score.100

Assessment of multiple organs with POCUS improves the use
over a single-organ assessment.93,101 Skilled clinicians can assess
lung, heart, and extremity veins to evaluate multiple physiologic
effects that may be expected from a PE.93,101 In a study of ED
patients who met criteria based on CDR and d-dimer for
intermediate probability for PE, they were evaluated with
multiple-organ POCUS. Seventy-four percent of patients who
were positive for PE were correctly identified with POCUS; how-
ever, 5% of patients with PE were missed.93 Of note, the accu-
racy of residents (80%; 95% CI: 74.2 to 85.8%) was lower
than that of senior physicians (85%, 95% CI: 80.7 to 89.3%).
The use of goal-orientated multiorgan POCUS in conjunction
with CDR may increase the pretest probability of PE and
improve the use of CTPA to further eliminate unnecessary
testing.101 The goal-directed multiorgan POCUS that does not
show any abnormality has an NPV of 95% for excluding PE.101

An additional role for goal-directed multiorgan POCUS can be
facilitating further diagnostic testing of the hemodynamically un-
stable patient who is too ill to be transported.101 Limitation of
POCUS is related to availability of equipment and trained
personnel. Although availability of POCUS is improving, it
may not be available in all health-care settings.

End-tidal carbon dioxide (capnography)

Another noninvasive tool that has been investigated for its use
in the exclusion of a PE diagnosis is a measurement of end-tidal
(exhaled) carbon dioxide (EtCO2), also known as capnography.
As discussed earlier, the primary physiologic effect of PE is an
increase in AVDS. Increased AVDS impairs CO2 elimination
(Figure 2). As AVDS increases, alveolar gas from nonperfused
alveoli (CO2-free gas) mixes with alveolar gas from perfused al-
veoli (normal concentration of CO2 gas), thereby lowering
EtCO2. In the case of PE, EtCO2 is disproportionally low as
compared with arterial CO2 (PaCO2). EtCO2 measurements are
useful to assess AVDS changes. Based on the pathophysiology
of PE, patients with normal AVDS can be excluded from a PE
diagnosis.22 A meta-analysis was completed on EtCO2 studies
published between 1990 through 2010. All methods of AVDS as-
sessments with capnography were included, but outcomes were
not differentiated by AVDS assessment type.102 The 14 pooled
studies indicated the sensitivity of an EtCO2 assessment for PE
to be 80% (95% CI: 76–83%), specificity of 49% (95% CI:
45–51%), an NLR of 0.32 (95% CI: 0.23–0.45), and a PLR of
2.43 (95% CI: 1.70–3.46). The NLR in this study shows a stron-
ger likelihood of identifying patients without PE than the PLR
that would identify patients with PE.103 The meta-analysis sug-
gests that EtCO2 may be a good additional assessment to use
in the PE diagnostic process to help identify low-risk patients
(pretest probability less than 10%) who do not have PE.102

Of the methods for estimating AVDS with EtCO2, using the
absolute EtCO2 value is the easiest, fastest, and the only
completely noninvasive method. Five recent studies have used
absolute EtCO2 measurements in the PE diagnostic process.104–
108 Four of the five studies found a statistically significant
difference between the absolute EtCO2 of patients with and
without PE.105–108 Specifically, patients without PE had a
significantly higher EtCO2 than patients with PE.
Unfortunately, to date, there is no agreed-upon EtCO2 cutoff
value that can be used to exclude a patient from the diagnosis
of PE. Until additional research has established a consistent cut-
off score for EtCO2, it is unlikely to be implemented widely.
CONCLUSION

Patients with PE may present with a variety of nonspecific
signs and symptoms which overlap with multiple other condi-
tions. PE signs and symptoms range from very mild to devas-
tating severe shock states.14 In addition, occasionally, the
patient may be asymptomatic or present with sudden death.10

Unfortunately, no individual sign or symptom viewed in isolation
has the ability to diagnose or exclude PE.10 Thus, making a
prompt accurate diagnosis of PE often is a clinical challenge.
For hemodynamically unstable patients suspected of PE, the
diagnostic plan is straightforward; they should forgo any other
testing and proceed directly to CTPA, if available.10,11 For all
others, the American College of Physicians11 and the European
Society of Cardiology10 provide guidelines and suggest best
practices for a stepwise approach in the diagnosis of PE. Specif-
ically, the stepwise approach for the hemodynamically stable pa-
tient includes probability determination, D-dimer testing, and
imaging with CTPA.10,11 It is the responsibility of the clinician
to guide patients appropriately along the diagnostic algorithm
weighing the risk and benefits of each diagnostic test. Limited
research indicates a lack of adherence to the PE diagnostic
guidelines. Even with adherence to clinical guidelines, there is
still a preponderance of negative CTPAs. Additional research is
needed to help identify other diagnostic strategies that can be
incorporated into the current PE diagnostic guidelines to
further eliminate the need for unnecessary, costly radiology
imaging (Table 2).
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