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EXECUTIVE SUMMARY

Perfusion lung imaging for diagnosing pulmonary embolism (PE)
was introduced 50 y ago (1). At that time, it offered a noninvasive
alternative to pulmonary angiography in patients with a clinical sus-
picion of PE. Because there are many causes of diminished regional
blood flow in the lungs, particularly redistribution of blood flow away
from regions with lung disease, the subsequent introduction of radio-
nuclide ventilation studies added greater specificity to findings
on radionuclide perfusion imaging. When appropriately used
and interpreted, ventilation–perfusion (V/Q) scintigraphy is an im-
portant examination for the evaluation of patients suspected of hav-
ing regional compromise of lung perfusion and ventilation.
The purpose of this document is to describe the appropriate use

of V/Q scintigraphy in patients suspected of having acute PE. It
is hoped that through these recommendations, V/Q scintigraphy
will be appropriately applied to benefit patients.
Representatives from the Society of Nuclear Medicine and

Molecular Imaging (SNMMI), the European Association of Nuclear
Medicine (EANM), the American Society of Hematology (ASH),
the Society of Thoracic Surgeons (STS), and the American College
of Emergency Physicians (ACEP), as well as chest radiologists,
emergency department physicians, pulmonary critical care physi-
cians, and physician experts in thromboembolic disease, assembled
as an autonomous workgroup to develop the following appropriate
use criteria (AUC). This process was performed in accordance with
the Protecting Access to Medicare Act of 2014 (2). This legislation
requires that all referring physicians consult AUC using a clinical
decision support mechanism before ordering any advanced diagnostic
imaging service. Such services are defined as diagnostic MRI, CT,
nuclear medicine procedures (including PET), and others as specified
by the secretary of Health and Human Services in consultation with
physician specialty organizations and other stakeholders (2). These
AUC are intended to aid referring medical practitioners in the appro-
priate use of V/Q scans in patients suspected of having PE (3).

INTRODUCTION

The following document describes the appropriate use of V/Q
scans in patients suspected of having PE. The authors have tried to

cover the most common clinical scenarios for this use. However,
the reader is reminded that a patient may present with variations

of the scenarios covered here, or with signs or symptoms not

described, for which V/Q scanning may still be indicated. This

document is presented to assist health-care practitioners consid-

ering V/Q scanning in patients suspected of having PE; however,

each patient is unique, as is each patient’s clinical presentation,

and therefore this document cannot replace clinical judgement.

V/Q scanning can also be used for other conditions. These other

scenarios are beyond the scope of this document.
Over the past half century, V/Q lung scintigraphy has been

a sensitive and useful tool to detect the presence of PE. CT

pulmonary angiography (CTPA) was introduced in the mid-1990s,

and subsequently this technology demonstrated the ability to

detect peripheral or subsegmental PE (4). CT scans are more

commonly available 24 h a day, 7 d per week, as compared with

nuclear medicine studies. In addition, CTPA diagnostic algorithms

are simpler and able to depict pulmonary, pleural, mediastinal, and

chest wall lesions that may cause symptoms similar to those of PE.

With these attributes, CTPA has become the most common pro-

cedure for the diagnosis of PE. On the other hand, CTPA may be

contraindicated in some patients, such as those with intravenous

radiographic contrast reactions or renal failure. Therefore, in many

patients, V/Q scintigraphy may be warranted as the primary im-

aging procedure when PE is suspected.
The exquisite anatomic detail of CTPA has raised concerns

about the overdiagnosis and overtreatment of small, clinically

insignificant PEs and the frequent reporting of new incidental

findings that require further work-up (5,6). A third and even

greater concern is the patient’s CTPA radiation exposure, partic-

ularly to the radiosensitive breast tissue of young women.
To protect the systemic circulation, the pulmonary arteries and

capillary beds uniquely possess properties that both trap and lyse

small subsegmental clots, suggesting that small PEs are common

physiologic phenomena (3,7). It is not, however, uncommon for

radiologists viewing an abdominal CT examination to see incidental

PEs at the lung bases. Physicians in the United States tend to treat

these small PEs, although the wisdom for treating small, incidentally

discovered PEs has been questioned. A recent policy statement from

the American College of Chest Physicians (ACCP) (8) says that for

subsegmental PEs and no proximal deep vein thrombosis (DVT),

clinical surveillance is suggested over anticoagulation when there is

a low risk of recurrent venous PE (venous thromboembolism [VTE])

and anticoagulation is suggested over clinical surveillance when there
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is a high risk of recurrent venous PE. As stated by Goodman (3), the
only 3 reasons to treat small PEs are inadequate cardiopulmonary
reserve, coexisting acute DVT, and prevention of chronic PEs and
pulmonary artery hypertension in patients with thrombophilia.
With an increasing clinical consensus that not all PEs should be

treated, it is clear that PE imaging is best evaluated on the basis of
outcomes rather than accuracy. In a prospective study comparing
V/Q and CTPA, Anderson et al. (9) showed that the outcomes
(based on a 3-mo follow-up of negative cases) were similar
(false-negative rate, #1%) despite the fact that more PEs were
detected with CTPA than with V/Q scans (17.7% for CTPA and
11.7% for V/Q). Similar outcome data have also been described in
a large retrospective analysis (10).
Many of the referrals for patients with suspected PE are for the

presence of shortness of breath or hypoxemia. Both V/Q scans
and CTPA can assist in diagnosing the cause of hypoxemia or
shortness of breath. This document is therefore written to assist all
medical practitioners in the appropriate use of V/Q scintigraphy in
all patients that present with signs or symptoms of PE.
The two basic methods used to perform V/Q studies are planar

imaging and SPECT. SPECT combined with low-dose CT has gained
some popularity as well. Both methods have excellent performance
characteristics in the diagnosis of clinically significant PE. SPECT,
similar to CTPA, may demonstrate the presence of small, subsegmental
emboli, which, if uncomplicated, may not require treatment. There is
regional variation in the choice of V/Q methodology, with V/Q planar
imaging being the preferred study in the United States (11) whereas
V/Q SPECT is favored by the EANM and preferred in Europe,
Australia, and some countries in Asia (11,12).

V/Q Planar Imaging

The standard planar examination consists of 8 ventilation views
and 8 perfusion views (anterior, posterior, both lateral, both anterior
oblique, and both posterior oblique) obtained in the same orientation.
The ventilation study generally precedes the perfusion examination.
Several different radiopharmaceuticals have been used for ventilation
imaging. 133Xe gas was commonly used in the past; however, in many
centers xenon has been supplanted by aerosols. Presently, the most
commonly used aerosol is 99mTc-diethylenetriaminepentaacetic acid.
99mTc-pyrophosphate and 99mTc-sulfur colloid aerosols are also in use
with similar success. Some centers are using krypton gas. Several
different kits are commercially available to administer these aerosols.
A promising new agent not yet approved for use in the United States is
an Australian product, Technegas (Cyclomedica), which produces a
fine carbonized particle suspension with deep alveolar penetration (13).
The perfusion study is performed with 99mTc-macroaggregated

albumin. These albumin particles average 20–70 mm in size,
which effectively allows them to lodge in the pulmonary capillar-
ies and distal arteriolar tree. A typical 111- to 185-MBq (3–5 mCi)
dose will contain 200,0002700,000 particles, which will embolize
less than 1% of the pulmonary capillary bed (14). The package
insert from the manufacturer (Jubilant DraxImage) cautions against
use in patients with severe pulmonary arterial hypertension; alter-
natively, some investigators choose to reduce the number of ad-
ministered particles in these patients (15).
In centers with mobile g-cameras available, bedside V/Q stud-

ies may be performed even in severely ill and hemodynamically
unstable patients.
In pregnant patients suspected of having PE, the use of a perfusion-

only study using a reduced administered activity of 18.5–37 MBq
(0.5–1 mCi) of 99mTc-macroaggregated albumin is suggested.

V/Q SPECT

Characteristics of V/Q SPECT include a high diagnostic
sensitivity. V/Q SPECT allows identification of segmental and
subsegmental perfusion defects typical of PE, particularly in the
middle lobe and lingula (11,16). It also allows quantification of PE,
valuable for therapeutic decision making, follow-up, and research
(11,17). In patients with suspected PE who have complex situations
including comorbidities such as COPD, left heart failure, pneumo-
nia, and tumor, V/Q SPECT retains its diagnostic utility (11,18).

METHODOLOGY

Workgroup Selection

The experts of the AUC workgroup were convened by SNMMI to
represent a multidisciplinary panel of health-care providers with
substantive knowledge of the use of V/Q scans in PE. In addition to
SNMMI member representation, 2 international representatives from
the EANM, 1 representative and 1 other member of the American
College of Emergency Physicians (ACEP), and a representative each
from the American College of Radiology (ACR), ASH, Society of
Thoracic Surgeons (STS), and ACCP were also included in the
workgroup. Thirteen physician members were ultimately selected to
participate and contribute to the resulting AUC. A complete list of
workgroup participants and external reviewers can be found in
Appendix B.

AUC Development

The process for AUC development was modeled after the
RAND/UCLA appropriateness method (19,20) and included the
development of a list of common clinical scenarios encountered in
the management of patients with PE, a systematic review of evidence
related to these scenarios, and development of AUC for each scenario
using a modified Delphi process. This process strove to adhere to the
standards of the Institute of Medicine for developing trustworthy
clinical guidance (21). The process included identification of relevant
scenarios, a systematic synthesis of available evidence, individual and
group ratings of the scenarios using a formal consensus process, and
document drafting based on final group ratings and discussions.

Scope and Development of Clinical Scenarios

To begin this process, the workgroup discussed various potential
clinical indications or scenarios for which use of V/Q scans might
be considered (including possible contraindications). The scope
of this workgroup was to focus on the appropriate use of V/Q scans
specifically for the diagnosis and management of acute PE, although
chronic and recurrent PEs were also considered. For all scenarios, the
relevant population was patients suspected of having acute PE (male
or female, pregnant or nonpregnant, inpatient or outpatient) aged 14 y
or older and of any race or geographic location (rural, urban, etc.).
The workgroup identified 21 scenarios for the use of V/Q scans in

patients suspected of having PE. The clinical indications are intended
to be as representative of the relevant patient population as possible.
The resulting AUC are based on evidence regarding diagnostic

accuracy and effects on clinical outcomes and clinical decision making
as applied to each scenario. Other factors affecting the AUC
recommendations were potential harm—including long-term
harm that may be difficult to capture—costs, availability, and
patient preferences.

Systematic Review

To inform the workgroup, a systematic review of the relevant
evidence was commissioned by an independent group, the Pacific
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Northwest Evidence-Based Practice Center of Oregon Health and
Science University (22). The primary purpose of the systematic
review was to assess the diagnostic accuracy and comparative
effectiveness of V/Q scans on clinical decision making and clin-
ical outcomes for acute PE.
The key research questions used to guide the systematic review

were as follows. How does the diagnostic accuracy of V/Q imaging
compare with that of pulmonary angiography or CTPA for
evaluation of acute PE in adults (and secondarily, how does V/Q
with SPECT compare with V/Q without SPECT, and how does
V/Q vary according to patient characteristics such as body habitus
and underlying lung disease)? How does V/Q imaging compare
with SPECT or CTPA regarding their effect on clinical decision
making (and secondarily, how do patient characteristics compar-
atively affect decision making for each of these techniques)? How
does V/Q imaging compare with SPECT or CTPA regarding their
effect on clinical outcomes (and secondarily, how do patient
characteristics comparatively affect the outcomes for each of these
techniques).
The inclusion and exclusion criteria for this review were based

on the study parameters established by the workgroup using the
PICOTS (population, intervention, comparisons, outcomes, timing,
and setting) approach. Searches were conducted on the following
databases: the Cochrane Central Registry of Controlled Trials, the
Cochrane Database of Systematic Reviews, and OVID Medline
(from 1946 through May 2015). These searches were supplemented
by reviewing the reference lists of relevant publications.
Two reviewers independently assessed abstracts and full-text

articles for inclusion and rated study quality as defined by the
established PICOTS parameters. The quality (based on the risk of
bias) for each study was categorized as “good,” “fair,” or “poor”
using the U.S. Preventive Services Task Force criteria (for ran-
domized trials and cohort studies) (23), QUADAS-2 (for diagnos-
tic accuracy studies) (24), and AMSTAR (for systematic reviews)
(25). The strength of overall evidence was graded as high, mod-
erate, low, or very low using methods based on the quality of
evidence, consistency, directness, precision, and reporting bias.
Literature searches resulted in 880 potentially relevant articles.

After dual review of abstracts and titles, 144 articles were selected
for full-text review and 16 publications were determined to meet
inclusion criteria and were included in this review.

Rating and Scoring

In developing these AUC for V/Q scans, the workgroup members
used the following definition of appropriateness to guide their
considerations and group discussions (26): “The concept of appro-
priateness, as applied to health care, balances risk and benefit of a
treatment, test, or procedure in the context of available resources for
an individual patient with specific characteristics.”
On evaluating the evidence summary of the systematic review,

the workgroup further refined its draft clinical scenarios to ensure
their accuracy and facilitate consistent interpretation when scoring
each indication for appropriateness. Using the evidence summary,
workgroup members were first asked individually to assess the
benefits and risks of V/Q scans for each of the identified scenarios
and provide an appropriateness score for each scenario. Work-
group members then convened in a group setting via webinar
to discuss each indication and associated scores from the first
round of individual scoring. After deliberate discussion, each
member independently provided a second round of scores for
each scenario. For each indication, the mode numeric score was

determined and then assigned to the associated appropriate use
category. For this scoring round, the members were asked to
include their expert opinion. All members contributed to the final
discussion, and no one was forced into consensus. Once the
rating process was completed, the final appropriate use ratings
were summarized in a format similar to that outlined by the
RAND/UCLA appropriateness method.
The workgroup scored each scenario as “appropriate,” “may be

appropriate,” or “rarely appropriate” on a scale from 1 to 9. Scores
7–9 indicate that the use of the procedure is appropriate for the
specific scenario and is generally considered acceptable. Scores
4–6 indicate that the use of the procedure may be appropriate for
the specific scenario, implying that more research is needed to
classify the scenario definitively. Scores 1–3 indicate that the
use of the procedure is rarely appropriate for the specific scenario
and generally is not considered acceptable.
As stated by other societies that develop AUC, the division

of these scores into 3 general levels of appropriateness is par-
tially arbitrary, and the numeric designations should be viewed
as a continuum. Additionally, if there was a difference in clin-
ical opinion for a particular scenario such that workgroup
members could not agree on a common score, that scenario was
given a score of 5 to indicate a lack of agreement on appro-
priateness based on the available literature and the members’
collective clinical opinion, indicating the need for additional
research.

Clinical Scenarios and AUC Scores

Clinical scenarios for the use of V/Q imaging in PE and final
AUC scores are presented in Table 1.
Scenario 1: PE Unlikely, D-Dimer Negative (Score 1—Rarely

Appropriate). The reasoning behind the rarely appropriate rating is
that a patient with a low clinical suspicion for PE (“PE unlikely”) in
combination with a negative D-dimer result is at very low risk for
PE. Such patients do not routinely require further diagnostic testing
for venous thromboembolism (VTE), and alternative diagnoses
should be considered. This approach is also supported by other
clinical practice guidelines.
Scenario 2: PE Likely, D-Dimer Negative (Score 8—Appropriate).

A D-dimer test is not typically ordered for patients who have a high
pretest probability of PE given that a negative D-dimer result cannot
move the posttest probability to a level below the test threshold (e.g.,
2%). However, if the initial clinical suspicion for PE is low and a
D-dimer test is ordered, but then suspicion increases into the “PE
likely” range as more information becomes available (e.g., patient
had recent surgery that was not initially disclosed), further diagnostic
evaluation with a V/Q scan would be appropriate even if the D-dimer
result is negative (despite its sensitivity). A significant number of
patients (as many as 9% in one study) with a normal D-dimer result
and high clinical probability may be diagnosed with acute VTE,
although this situation is unusual (27). Thus, it is recommended that
physicians proceed with further testing in the setting of a normal
D-dimer result and high clinical probability of VTE.
Scenario 3: PE Unlikely, D-Dimer Positive (Score 8—Appropriate).

Given a situation in which the initial suspicion for PE is low
and the D-dimer result is positive, further diagnostic evaluation
is indicated (28). In the systematic literature review, 2 small
good-quality studies (28,29) and 1 large fair-quality study (30)
indicated that the likelihood ratio associated with a normal or
low-probability V/Q result was approximately 0.2. Therefore, for
a patient with a low clinical suspicion (e.g., pretest probability of
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10%) and a normal or low-probability V/Q result (likelihood ratio
of 0.2), the posttest probability for PE is below the test threshold
(e.g., posttest probability of 2%) for which alternative diagnoses
should be considered. A high-probability V/Q result would war-
rant treatment for PE. It has been suggested that clinicians use
age-adjusted D-dimer thresholds (age · 10 ng/mL) rather than
the same lower limit of normal in patients older than 50 y to
determine whether imaging is warranted (7).
Scenario 4: PE Likely, Male or Nonpregnant Female with

Normal Chest Radiograph (Score 9—Appropriate). There was
strong agreement among the workgroup members to rank this
indication as appropriate based on the high sensitivity and
specificity of V/Q imaging in patients with normal chest
radiography results. Most importantly, 2 large outcome analyses
(9,11) have shown that the rate of symptomatic VTE over a 3-mo
follow-up period was extremely low (,1.5%) among patients in
whom PE is ruled out. Other general considerations such as the
lower patient radiation exposure from V/Q than from CTPA, as
well as the avoidance of overdiagnosis of clinically insignificant
PEs, is also relevant. The recent policy statement from the ACCP
applies in this situation: “[For] subsegmental pulmonary embolism
and no proximal DVT, we suggest clinical surveillance over
anticoagulation with a low risk of recurrent VTE. . .and [we suggest]

anticoagulation over clinical surveillance with a high risk [of recur-
rent VTE]” (8).
Scenario 5: PE Likely, Male or Nonpregnant Female with Mildly

Abnormal Chest Radiograph (Score 9—Appropriate). Examples of
abnormalities with a spectrum that includes mild disease on chest
radiography are cardiomegaly, diaphragmatic elevation, fibrotic
changes, congestive heart failure, and diffuse emphysema. Mis-
matches between ventilation and perfusion that reflect PE should
still be recognizable when only mild radiographic abnormalities
exist, resulting in a diagnostic V/Q scan (31).
Scenario 6: Suspected PE, Male or Nonpregnant Female

with Significant Abnormal Chest Radiograph (Score 5—May
Be Appropriate). In general, the presence of dense consolida-
tions on chest radiography could result in a triple match,
triggering an indeterminate (nondiagnostic) V/Q result, with
the main concern being a pulmonary infarction. In patients with
significant chest radiographic abnormalities, CTPA is more
specific for the diagnosis of PE. The V/Q scan can be helpful
when CTPA is contraindicated, such as in patients with renal
insufficiency or patients unable to receive premedication even
though they had a prior intravenous radiographic contrast reaction.
Scenario 6 may be true when the V/Q scan demonstrates certain
findings: The first of these findings is a triple-matched-defect imaging

TABLE 1
Clinical Scenarios for PE in Adults

Scenario

no. Description Appropriateness Score

1 PE unlikely, D-dimer negative Rarely appropriate 1

2 PE likely, D-dimer negative Appropriate 8

3 PE unlikely, D-dimer positive Appropriate 8

4 PE likely, male or nonpregnant female with normal chest radiograph Appropriate 9

5 PE likely, male or nonpregnant female with mild abnormal chest radiograph Appropriate 9

6 Suspected PE, male or nonpregnant female with significant abnormal chest

radiograph

May be appropriate 5

7 PE likely, patient with abnormal renal function Appropriate 9

8 PE likely, patient at risk for contrast complication Appropriate 9

9 PE likely, patient who cannot cooperate for ventilation imaging, perfusion only May be appropriate 5

10 PE likely, CTPA inconclusive or discordant with clinical probability Appropriate 9

11 PE likely, hemodynamically unstable patient, portable V/Q equipment available Appropriate 7

12 PE likely, hemodynamically unstable patient, portable V/Q equipment unavailable Rarely appropriate 1

13 PE likely, ultrasound of lower extremity with clot Appropriate 9

14 PE (clinically) unlikely, ultrasound of lower extremity with clot May be appropriate 5

15 PE likely, pregnant patient with normal/mild abnormal chest radiograph, low-dose

perfusion only

Appropriate 9

16 PE likely, pregnant patient with severe abnormal chest radiograph, perfusion only Rarely appropriate 3

17 PE likely, patient ventilator-dependent May be appropriate 5

18 Recent/prior documentation of PE with CTPA, suspected new PE Rarely appropriate 2

19 Recent/prior documentation of PE with V/Q scan, suspected new PE Appropriate 9

20 Recent documentation of PE by CTPA, patient now on anticoagulation; imaging

to document disease status when clinically indicated

Rarely appropriate 2

21 Recent documentation of PE by V/Q scan, patient now on anticoagulation;

imaging to document disease status when clinically indicated

Appropriate 9

PE likely or unlikely is determined by the referring clinician.
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pattern (32) in the upper or mid lung zones; in this case, the likelihood
of PE is considerably much lower (11%–12%) than when the pattern
occurs in the lower lung zones (33%).
The second finding is the reverse-mismatch defect (33), which

refers to studies in which the ventilation defect is greater than the
perfusion defect; this type of defect is a very good negative pre-
dictor of PE. When a significant ventilation abnormality exists
without a large concordant perfusion defect, a nonembolic pulmo-
nary source, such as airway disease, is likely. A reverse mismatch
may indicate hypoxia with good perfusion and poor ventilation,
which allows poorly oxygenated blood to return to the systemic
circulation. This finding may be seen in subjects with a mu-
cous plug or a primarily pulmonary parenchymal process with
nonpatent bronchi and intact perfusion.
The third finding is the stripe sign (34), which refers to the

presence of a band of normal parenchymal activity separating
the perfusion defect from the lung periphery (pleural surface).
This is a strong negative indicator for PE that had 93% accuracy
on analysis of the original Prospective Investigation of Pulmonary
Embolism Diagnosis (PIOPED) study.
The last finding is the pulmonary infarct sign. On occasion, a

perfusion defect without a ventilation defect (i.e., a pulmonary infarct
sign (35)) may be seen despite the presence of a radiographic opacity
in the same area. When this occurs, the finding is more suggestive of
PE, depending on the size and number of perfusion defects without
ventilation abnormalities. Several other useful ancillary findings are
described in a review article by Freeman et al. (32)
Scenario 7: PE Likely, Patient with Abnormal Renal Function

(Score 9—Appropriate). In patients with acute or chronic kidney
disease who have a high clinical pretest probability of PE, the V/Q
scan is a particularly appropriate imaging modality. The alterna-
tive modality, CTPA, requires the use of intravenous contrast. It is
prudent for patients with acute kidney injury to avoid exposure to
intravascular contrast, when feasible, because they are particularly
susceptible to the ill effects of nephrotoxin exposure. A patient’s
individual risk–benefit should be carefully weighed when intrave-
nous contrast administration is considered in the setting of acute
kidney injury because no particular threshold laboratory measure
of kidney function has been established as safe. In chronic kidney
disease, contrast administration is considered safe for patients with
an estimated glomerular filtration rate of 30 mL/min/1.73 m2 or
more; individual risk–benefit should be carefully evaluated when
intravenous contrast administration is considered for an estimated
glomerular filtration rate of less than 30 mL/min/1.73 m2 in
chronic kidney disease. Dialysis patients may receive intravenous
contrast without additional risk of kidney injury (36).
Scenario 8: PE Likely, Patient at Risk for Contrast Complica-

tion (Score 9—Appropriate). The consensus of the workgroup is
that if the risk of contrast reaction is elevated above that of the
normal population, a V/Q scan is an appropriate alternative to
CTPA. In patients with an elevated risk of reaction to iodinated
contrast medium and who have a high clinical pretest probability
of PE, the V/Q scan is a particularly appropriate imaging modality.
The alternative modality, CTPA, requires the use of intravenous
contrast, with its attendant risks. In the general population, the risk
of a contrast reaction is low: 0.6% for any reaction, 0.04% for a
serious reaction, and 0.0002% for a fatal reaction (36). The risk of
a contrast reaction is elevated in patients who have had a prior
contrast reaction and patients who are atopic and probably asth-
matic. People who have had an anaphylactic reaction to any sub-
stance or a previous anaphylactoid reaction to intravenous contrast

are at an elevated risk of a severe contrast reaction, even when
premedication is administered. Other uncommon risks of contrast
administration include iodine-provoked delayed hyperthyroidism
in patients with preexisting thyroid disease and, occasionally, re-
spiratory distress in patients with myasthenia gravis.
Scenario 9: PE Likely, Patient Who Cannot Cooperate for

Ventilation Imaging, Perfusion Only (Score 5—May Be Appropriate).
Cooperation from the patient is essential to perform a ventilation scan.
When there is a high clinical likelihood of PE and normal results on
chest radiography, a perfusion-only nuclear scan is reasonable but not
the preferred test. The workgroup feels that if neither the ventilation nor
the perfusion portion of the V/Q can be performed and there are no
contraindications to CTPA, it is the preferred test (32–35).
Scenario 10: PE Likely, CTPA Inconclusive or Discordant with

Clinical Probability (Score 9—Appropriate). This scenario refers to
several situations: the contrast bolus timing for the CTPA is early or
late, leading to inadequate opacification of the pulmonary arteries; the
patient is unable to stay still or hold the breath, resulting in motion
artifacts; or the large body habitus of a patient results in excessive
photon attenuation and degradation of image quality (image noise).
Other causes for indeterminate CTPA include parenchymal lung
disease (increase in vascular resistance), increased unopacified blood
flow from the inferior vena cava (transient interruption of contrast,
particularly common in pregnant patients), and streak artifacts from
dense contrast in the superior vena cava. In the PIOPED II study (30),
when the CTPA results were inconsistent with the clinical probability,
the positive predictive value and negative predictive value were re-
ported at 58% and 60%, respectively. Additional imaging was rec-
ommended in this setting.
Scenario 11: PE Likely, Hemodynamically Unstable Patient,

Portable V/Q Equipment Available (Score 7—Appropriate). A
portable V/Q scanner is useful in patients who are critically ill and
too unstable to move. Patients in shock requiring vasopressors
represent one of the more common such scenarios. Similarly,
those with extreme ventilator or oxygen requirements may not be
stable for transport to radiology. The portable V/Q scanner is most
useful when there is no substantial parenchymal lung disease or
other diffuse radiographic abnormalities. However, even when
there are such abnormalities, it is still possible that one or more
large perfusion defects may be diagnostic or at least strongly
suggest that risk–benefit favors PE therapy. Stable ICU patients,
including those on mechanical ventilation with suspected PE,
however, may undergo CTPA because CT is more useful in these
patients (37). A portable perfusion scan may be used for patients
in extremis who are too unstable to be moved (38). A portable V/Q
scanner may be used as deemed appropriate by the clinician (37).
Scenario 12: PE Likely, Hemodynamically Unstable Patient,

Portable V/Q Equipment Unavailable (Score 1—Rarely Appropriate).
In scenario 12, the approach to PE diagnosis requires compiling
other clinical data and determining whether risk–benefit favors
initiation of therapy for acute PE. Leg or upper-extremity ultra-
sound, for example, may document venous thrombosis and pre-
clude an urgent need for PE diagnosis. Echocardiography may
reveal the McConnell sign, which, although not diagnostic for
PE, suggests the diagnosis (39).
PE with shock or hypotension, defined as a systolic blood pressure

of less than 90 mm Hg or a sustained drop in systolic blood pressure
of more than 40 mm Hg not due to rhythm disturbance, is associated
with a high risk of PE-related or in-hospital mortality. In this high-
risk setting, the 2014 European Society of Cardiology guidelines
(40) recommend CTPA as the test of choice if immediately available
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or echocardiography if not. The absence of signs of right ventricular
overload or right ventricular dysfunction on echocardiography
practically excludes PE as the cause of hemodynamic instability
and may provide information about other causes of shock, in-
cluding pericardial tamponade, acute valvular or left ventricular
dysfunction, or hypovolemia.
Scenario 13: PE Likely, Ultrasound of Lower Extremity with Clot

(Score 9—Appropriate). The presence of DVT generally documented
by a positive Doppler sonographic study is a definitive indication for
anticoagulant therapy. The incidence of PE in patients with DVT
has been estimated to be 38%–50% (41,42). Moreover, in a study in
which patients with suspected PE underwent both leg ultrasound and
CTPA, the positive predictive value of the presence of a DVT on leg
ultrasound for the diagnosis of PE was 96% (43).
Scenario 14: PE (Clinically) Unlikely, Ultrasound of Lower

Extremity with Clot (Score 5—May Be Appropriate). Some
workgroup members argued that the incidence of PE in patients
with documented DVT was very significant and varied between
38% and 50%. Many of these PEs may be clinically silent. If the
patient were to subsequently develop symptoms of PE on
anticoagulation, and a V/Q scan is obtained at that time, it may
be helpful to have a baseline study for comparison to distinguish
between prior embolization (before treatment) and new pulmonary
emboli despite anticoagulation. However, from a resource-use
perspective, because most patients with treated DVTs will not
develop subsequent clinically significant PE, too many patients
may undergo an unnecessary baseline study.
Scenario 15: PE Likely, Pregnant Patient with Normal/Mild

Abnormal Chest Radiograph, Low-Dose Perfusion Only (Score
9—Appropriate). The clinical diagnosis of PE in pregnancy is
sometimes confusing because symptoms and signs such as dyspnea
and tachycardia may resemble normal physiologic findings fre-
quently seen in pregnancy. It is, however, important to note that PE
occurs 5 times more frequently in pregnant women than in
nonpregnant women of the same age (44). The radiation dose to
both the fetus and the mother, particularly the breast, are of concern
in the pregnant patient. These considerations are emphasized in the
National Council on Radiation Protection and Measurements report
(45). The effective dose to the woman from CTPA is in the range of
about 5–20 mSv, depending on the protocol, as compared with 1.0–
3.1 mSv for the radionuclide V/Q scan (46–48). The radiation dose
to the breast from CTPA is estimated to be in the range of 10–
70 mGy whereas for the V/Q scan it is in the range of 0.9–1.4 mGy
(46,47). The fetal dose is estimated to be 0.01–0.66 and 0.5–
1.1 mGy for CTPA and the V/Q study, respectively (46,49).
Low-dose perfusion imaging is being used increasingly in many

centers. It is estimated to deliver a dose of 0.6 mGy to the maternal
breast and 0.1–0.2 mGy to the fetus (46,49). The fetal dose for both
the V/Q and the low-dose perfusion studies are comparable to that
for CTPA; however, all of the fetal doses are considerably lower
than the 100-mSv threshold for concern about teratogenic effects
discussed in the National Council on Radiation Protection and Mea-
surements report (47). Newer CT scanners may be able to signifi-
cantly reduce radiation dose. However, the above estimates are
reasonable for most scanners in current use.
Another factor is that the mean pulmonary arterial enhancement

on CTPA in pregnant patients is significantly lower than that in
nonpregnant patients.
A recent joint recommendation of the Society of Thoracic

Radiology and the American Thoracic Society (also endorsed by
the American College of Obstetrics and Gynecology) proposed the

initial use of a Doppler leg study, which, if negative, is followed
by chest radiography and a V/Q study (50). Several reports have
indicated that the low-dose, perfusion-only study will be sufficient
to obtain a diagnostic study in almost all cases (51,52).
Scenario 16: PE Likely, Pregnant Patient with Severe Abnormal

Chest Radiograph, Perfusion Only (Score 3—Rarely Appropriate).
The presence of a severe abnormality on the chest radiograph will
almost certainly be accompanied by a matched perfusion
abnormality, resulting in a nondiagnostic (intermediate) interpre-
tation. A perfusion-only lung scan will not be diagnostic, and it is
likely that chest CTPA will be necessary for diagnosis in this
scenario. If a contraindication to CTPA exists, such as severe renal
insufficiency or contrast medium allergy, a full V/Q scan may
sometimes be helpful, particularly when ventilation is significantly
poorer than perfusion.
Scenario 17: PE Likely, Patient Ventilator-Dependent (Score

5—May Be Appropriate). This discussion is essentially the same
as for scenarios 11 and 12. The portable scan may prove to be
extremely important and useful especially since an aerosol
ventilation study may be done with perfusion at the bedside or
in the intensive care unit.
Scenario 18: Recent/Prior Documentation of PE with CTPA,

Suspected New PE (Score 2—Rarely Appropriate). V/Q would not
be recommended in this scenario. If the prior study documenting
the presence of PE was a CTPA, it would be best to repeat the
same modality to achieve the most meaningful comparison.
The diagnosis of recurrent PEs poses specific diagnostic

challenges. First, patients with PE often complain of persistent
or recurrent symptoms. In a cohort study of patients with a first
unprovoked PE and in whom anticoagulant therapy was discontinued
5–7 mo after their index episode, half the patients were investigated
for a suspected recurrent episode over the following 18 mo. Second,
patients with previous VTE are more likely to have a positive
D-dimer test result and are more likely to be classified as having a
high pretest probability (points attributed to previous VTE in pretest
probability scoring systems). Imaging tests are requested in many of
these patients. Third, thrombus resolution can be a slow process. In a
systematic review of studies of patients in whom repeated imaging
was systematically performed during follow-up, 87% of patients had
residual pulmonary thrombi 8 d after diagnosis, 68% after 3 mo,
57% after 6 mo, and 52% at 1 y (53,54).
V/Q and CTPA results differ by modality. The location and

extent of a perfusion defect on a V/Q scan do not allow one to
predict with certainty the location and extent of the corresponding
filling defect on CT, and vice versa. Using the same imaging
modality as that used for initial PE diagnosis allows a comparison
of the distribution and extent of the thrombotic burden. Diagnostic
cohort studies suggest that a clinically suspected PE might be ruled
out on the basis of unchanged or improved yet abnormal V/Q
results. For follow-up imaging, the V/Q study also helps to identify
the extent of any residual or possibly new perfusion abnormality.
Similarly, cohort studies have shown the safety of ruling out PE
using CTPA in patients with a prior PE.
Scenario 19: Recent/Prior Documentation of PE with V/Q Scan,

Suspected New PE (Score 9—Appropriate). V/Q scanning should
be performed to achieve the most meaningful comparison with the
prior V/Q study for reasons similar to those discussed in scenario
18. However, when comparing findings on follow-up imaging, it
should be recalled that a significant proportion of patients with PE
will have residual abnormalities evident on imaging tests in excess
of 6 mo after the event (53).
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Scenario 20: Recent Documentation of PE by CTPA, Patient
Now on Anticoagulation; Imaging to Document Disease Status
When Clinically Indicated (Score 2—Rarely Appropriate). In
general, there is no definite supporting evidence for obtaining a
V/Q scan after PE is diagnosed by CTPA and is being treated.
Scenario 21: Recent Documentation of PE by V/Q Scan,

Patient Now on Anticoagulation; Imaging to Document Disease
Status When Clinically Indicated (Score 9—Appropriate).
Surprisingly little hard evidence exists on the rate of resolution
of PE after diagnosis and treatment. Anecdotal accounts have
documented resolution of pulmonary emboli within 24 h of
development, providing the rationale for PE imaging to be
undertaken within 24 h of the onset of symptoms. One study
(55) revealed partial or full resolution of the clot in a significant
proportion of patients within a few weeks of diagnosis of PE
after the initiation of treatment. It is suggested that an echo-
cardiogram be performed 3–6 mo after PE to assess the pres-
ence or absence of pulmonary arterial hypertension (56). When
chronic thromboembolic pulmonary hypertension is suspected,
a confirmatory V/Q study is the preferred test (57). The more
important consideration at an interval of 3–6 mo after PE is to
assess the presence or absence of pulmonary arterial hyperten-
sion using echocardiography (58). When chronic thromboem-
bolic pulmonary hypertension is suspected, a V/Q scan can be
helpful in making the diagnosis. If a prior study documenting
the presence of PE was a V/Q, it would be best to repeat the
same modality to achieve the most meaningful comparison.

BENEFITS AND HARMS OF IMPLEMENTING THE

AUC GUIDANCE

These AUC include the critical evaluation of the available
literature on V/Q scintigraphic imaging in PE and draw on the
clinical experience of a range of experts skilled in the diagnosis
and treatment of patients with suspected acute PE. In selecting
the specific scenarios for inclusion, the workgroup attempted to
choose those that were most clinically relevant and of broad
interest. The AUC address the use of V/Q scans in several
common clinical settings, including pregnancy, renal failure,
contrast allergy, hemodynamic instability, and abnormal chest
radiography results. As such, the AUC are a distillation of the
knowledge and experience of experts applied to common
clinical scenarios involving V/Q in suspected PE.
The benefit of the AUC, if implemented, is the standardization of

an evidence- and expert-based approach to the diagnosis of patients
with suspected PE. This opens the opportunity for auditing of
outcomes and for collaborative research between centers.
However, in the development of these AUC, the workgroup

considered that the use of imaging tests in PE diagnosis varies at
different centers, often dictated by previous practice patterns,
availability of equipment at different times of the day, and local
expertise for interpretation and reporting of imaging studies. For these
reasons, local resources and expertise should be considered in making
decisions on incorporating these AUC recommendations. The work-
group also acknowledges that there are likely additional scenarios not
covered by these AUC in which V/Q imaging may be completely
justified. This document is therefore not intended or able to include
all scenarios in which V/Q scans should be used.
The ventilation portion of the V/Q scan provides crucial

information in most scenarios. More than 50% of symptomatic
patients suspected of having PE show ventilation and perfusion

defects typical of other acute or chronic pulmonary disorders
that cannot be diagnosed otherwise (18). Consideration and
assessment of the ventilation and perfusion defects together
allows qualitative consideration of the relative contribution of
PE and other pulmonary diseases to the clinical presentation.

IMPLEMENTATION OF THE AUC GUIDANCE

To develop broad-based multidisciplinary clinical guidance docu-
ments, SNMMI has been working with several other medical
specialty societies. This collaboration will foster the acceptance and
adoption of this guidance by other specialties.
SNMMI has developed a multipronged approach to disseminate

the AUC for V/Q scans in PE to all relevant stakeholders—referring
physicians, nuclear medicine physicians, and patients. The dissemi-
nation and implementation tactics will be a mix of outreach and
educational activities and will be targeted to each of these audiences.
SNMMI will create detailed case studies for its members as well as

for referring physicians and make them available via online modules
and webinars. These cases will cover the appropriate clinical
indications for the use of V/Q scans in PE, as well as some cases
in which the results of this study are equivocal.
Related resources such as the systematic review supporting the

development of these AUC, a list of upcoming education events
on the AUC, factsheets, and other didactic materials will be
made available on the SNMMI webpage dedicated to V/Q AUC.
Live sessions will be held at the SNMMI annual and midwinter
meetings, as well as at the relevant societal meetings of referring
physicians, to highlight the importance of these AUC.
SNMMI also aims to create a mobile application for the V/Q

AUC for both Apple and Android platforms. Mobile applications
are becoming increasingly popular in the health-care industry and
can be used to push updates to all users.
In addition to the above activities, SNMMI will also undertake

patient-focused outreach to provide education on how AUC can play
an invaluable role in the cost-effective and efficient attainment of an
accurate diagnosis.

APPENDIX A: CEDARS-SINAI MEDICAL CENTER ALGORITHM

The Cedars-Sinai Medical Center algorithm for evaluating
patients with suspected PE is presented in Figures 1A and 2A.

APPENDIX B: WORKGROUP MEMBERS AND

EXTERNAL REVIEWERS

Workgroup

The members of the workgroup are Alan D. Waxman, MD
(chair), Cedars-Sinai Medical Center, Los Angeles, CA (SNMMI);
Marika Bajc, MD, PhD, Lund University, Sweden (EANM);
Michael Brown, MD, MSc, Michigan State University, Grand
Rapids, MI (ACEP); Frederick H. Fahey, DSc, Boston Children’s
Hospital, Boston, MA (SNMMI); Leonard M. Freeman, MD,
Montefiore Medical Center, Bronx, NY (SNMMI); Linda B. Haramati,
MD, MS, Montefiore Medical Center, Bronx, NY (ACR); Peter Julien,
MD, Cedars-Sinai Medical Center, West Hollywood, CA (ACR);
Grégoire Le Gal, MD, PhD, Ottawa Hospital Research Institute,
Ottawa, Ontario, Canada (ASH); Brian Neilly, MD, FRCP, FRCR,
Glasgow Royal Infirmary, Glasgow, United Kingdom (EANM);
Joseph Rabin, MD, University of Maryland Medical Center,
Baltimore, MD (STS); Gabriel Soudry, MD, Franklin Square Medical
Center, Baltimore, MD (SNMMI); Victor Tapson, MD, Cedars-Sinai
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Medical Center, Los Angeles, CA (ACCP); and Sam Torbati, MD,
Cedars-Sinai Medical Center, West Hollywood, CA (ACEP).

SNMMI

The staff support from SNMMI is Sukhjeet Ahuja, MD, MPH,
director, Evidence & Quality Department; and Julie Kauffman,
associate program manager, Evidence & Quality Department.

APPENDIX C: DEFINITION OF TERMS AND ACRONYMS

ACCP: American College of Chest Physicians.
ACEP: American College of Emergency Physicians.

ACR: American College of Radiology.
AMSTAR: Assessing the Methodological Quality of Systematic

Reviews.
Anticoagulants: medications that significantly limit or prevent

blood clotting.
ASH: American Society of Hematology.
AUC: appropriate use criteria.
Contrast-induced nephropathy (56): a widely recognized and

clinically significant problem in patients undergoing an increasing
number of minimally invasive procedures that require contrast ad-
ministration. Contrast-induced nephropathy is the third most com-
mon cause of hospital-acquired renal failure and has significant
prognostic implications on patient outcomes. Interventional practi-
tioners are faced with challenging decisions regarding prophylaxis
and patient management. The major risk factor for developing
contrast-induced nephropathy is preexisting renal dysfunction,
particularly in association with diabetes. Patients are considered to
be at risk when estimated glomerular filtration rate or estimated
creatinine clearance is less than 60 mL/min. The cornerstone of
prevention of contrast-induced nephropathy is appropriate risk strat-
ification, intravenous hydration with normal saline or sodium bicar-
bonate, appropriate withholding of nephrotoxic medications, use of
low-osmolar or isoosmolar contrast medium, and various intrapro-
cedural methods for iodinated contrast dose reduction. Although
N-acetylcysteine administration is popular, it remains unproven.

TABLE 1D
Reported Relationships with Industry and Other Entities

Workgroup member Reported relationships

Waxman, Alan None

Bajc, Marika None

Brown, Michael None

Fahey, Frederic None

Freeman, Leonard Jubilant DraxImage

(advisory committee member)

Haramati, Linda None

Julien, Peter None

Le Gal, Grégoire None

Neilly, Brian None

Rabin, Joseph None

Soudry, Gabriel None

Tapson, Victor Bayer (clinical research
consulting—VTE)

Janssen (clinical research
consulting—VTE)

Actelion (consulting—pulmonary
hypertension)

Ekos (clinical research

consulting—VTE)

United Therapeutics (clinical

research/consulting—

pulmonary hypertension)

Torbati, Sam None

FIGURE 1A.

FIGURE 2A.
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Practitioners must be familiar with prevention strategies and diagno-
sis of contrast-induced nephropathy to minimize its clinical impact.
CT: computed tomography (59), an imaging method that uses

x-rays to create pictures of cross-sections of the body.
CTPA: CT pulmonary angiography.
D-dimer test (59): a test used to check for blood-clotting prob-

lems. Blood clots can cause health problems, such as deep vein
thrombosis, pulmonary embolism, stroke, and disseminated intra-
vascular coagulation.
Diagnostic imaging: chest x-rays, CT, CT with contrast (CT

angiography), ventilation lung scanning (aerosol, xenon, Technegas).
DVT: deep vein thrombosis.
EANM: European Association of Nuclear Medicine.
Nephropathy (56): damage, disease, or other problems with

the kidney. IgA nephropathy is a kidney disorder in which anti-
bodies called IgA build up in kidney tissue. It is also called
Berger disease.
PE: pulmonary embolism.
PICOTS: population, intervention, comparisons, outcomes, timing,

and setting. This is an approach to evaluating the diagnostic value of
clinical suspicion and VQ scan in pulmonary PE (PTE).
PIOPED and PISA-PED (30,60): Prospective Investigation of Pul-

monary Embolism Diagnosis and Prospective Investigative Study
of Acute Pulmonary Embolism Diagnosis, respectively, two studies
assessing the value of perfusion lung scanning in the diagnosis of PE.
QUADAS-2: Quality Assessment of Diagnostic Accuracy

Studies, version 2.
Radiography: chest x-rays, CT, CT angiography.
Renal function tests (59): laboratory tests to evaluate how well

the kidneys are working. Such tests include blood urea nitrogen,
blood creatinine, creatinine clearance, and urine creatinine.
SNMMI: Society of Nuclear Medicine and Molecular Imaging.
SPECT: single-photon emission tomography.
Stress perfusion study (4): A type of study in which images of a

patient’s heart at rest are compared with images immediately after
exercise to determine the effect of physical stress on coronary
blood flow. The stress perfusion study assesses heart function
and whether the heart is receiving enough blood and oxygen.
The test is performed with either SPECT or PET, which produce
3-dimensional images that show the flow of blood through the
coronary arteries and the heart itself.
STS: Society of Thoracic Surgeons.
Ultrasound (61), an anatomic imaging technology that uses

soundwaves to create images of tissue within the body. Ultrasound
can be a molecular imaging technique when used in conjunction
with targeted microbubbles.
V/Q (59): ventilation/perfusion scan, a combination of 2 nuclear

scans to measure breathing (ventilation) and circulation (perfu-
sion) in all areas of the lungs.
VTE: venous thromboembolism.

APPENDIX D: DISCLOSURES AND CONFLICTS OF

INTEREST (COIs)

SNMMI rigorously attempted to avoid any actual, perceived, or
potential COIs that might have arisen as a result of an outside
relationship or personal interest on the part of the workgroup
members or external reviewers. Workgroup members were re-
quired to provide disclosure statements of all relationships that
might be perceived as real or potential COIs. These statements
were reviewed and discussed by the workgroup chair and SNMMI

staff at the beginning of every workgroup meeting or teleconfer-
ence. The disclosures for the workgroup members can be found in
Table 1D. To adjudicate the COIs, the SNMMI leadership used a
template developed for the amyloid AUC. A COI was defined as a
relationship with industry—including consulting, speaking, re-
search, and nonresearch activities—that exceeds $5,000 in funding
over the previous or upcoming 12-mo period. In addition, if an
external reviewer was either the principle investigator of a study or
another key member of the study personnel, that person’s partic-
ipation in the review was considered likely to present a COI. All
reviewers were asked about any potential COI. The authors of
studies chosen for the systematic literature review were cross-
checked against reviewers’ financial and intellectual COIs.

APPENDIX E: PUBLIC COMMENTARY

The workgroup solicited information from all communities
through the SNMMI website and through direct solicitation of
SNMMI members. The comments and input helped to shape the
development of these AUC and consensus recommendations on
the appropriate use of V/Q imaging in the detection of pulmonary
embolism.
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