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There are currently no data published regarding the proportion of

nuclear medicine centers using SPECT or SPECT/CT rather than
planar ventilation/perfusion (V/Q) imaging in patients with suspected

acute pulmonary embolism (PE). Furthermore, the reporting criteria

used for interpretation of both planar and SPECT V/Q scans are

variable and data are lacking regarding which criteria are commonly
used in various centers. The aim of this study was to assess current

practices regarding the performance and interpretation of lung

scintigraphy across 3 different countries. Methods: A short online

survey composed of simple multiple-choice questions was distrib-
uted to nuclear medicine departments in Australia, Canada, and

France during the period April to December 2014. The survey cov-

ered image acquisition, interpretation criteria for SPECT and planar

images, and use of pseudoplanar images and radiopharmaceuti-
cals. Information was initially solicited by 2 sets of e-mails, which

pointed to the survey internet link. Departments were subsequently

contacted by telephone. A single response per department was
consolidated. Results: Three hundred thirty-one responses were

collected (Australia, 74; Canada, 48; and France, 209). Twenty-eight

percent of centers indicated use of V/Q planar imaging alone

whereas 72% of centers included some form of SPECT in their
acquisition protocol for evaluation of PE, specifically V/Q SPECT

in 36%, V/Q SPECT/CT in 29%, Q SPECT/CT in 2%, and both V/Q

planar and SPECT in 5%, with a strong variability among countries.

The most commonly used criteria for SPECT interpretation were the
those of the European Association of Nuclear Medicine (60%). Criteria

used for planar interpretation were heterogeneous (European Associ-

ation of Nuclear Medicine criteria, 35%; Prospective Investigation of
Pulmonary Embolism Diagnosis study, 29%; no standardized criteria,

21%). Sixty-three percent of departments used pseudoplanar images

in addition to SPECT images. Conclusion: In the 3 countries sur-

veyed, SPECT has largely replaced planar imaging for evaluation of
PE, with almost half of the SPECT studies incorporating a CT acqui-

sition. Criteria used for interpretation are inconsistent, especially for

planar imaging.
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It has been more than 50 y since lung scintigraphy was first
described for the diagnosis of pulmonary embolism (PE). Since that
time, the examination has evolved greatly with respect to equip-
ment, radiopharmaceuticals, and imaging algorithms, along with
perception among nuclear medicine and referring physicians.
Although performed 25 y ago, using imaging equipment and

ventilation agents that would currently be considered obsolete in
most centers, the Prospective Investigation of Pulmonary Embolism
Diagnosis study (PIOPED) study remains the landmark accuracy
study in the eyes of many clinicians (1). The diagnostic performance
of planar ventilation/perfusion (V/Q) scanning was then insufficient
to allow a binary reporting approach (PE or no PE). Therefore,
probabilistic reporting criteria were proposed, resulting in a high
proportion of nondiagnostic tests. Subsequently, these criteria were
refined and other diagnostic criteria introduced to simplify the in-
terpretation (2–5). To date, all major management outcome studies
assessing diagnostic strategies based on V/Q scintigraphy have been
performed using planar scintigraphy interpreted with the probabilistic
reporting criteria or its derivatives (6–9). Although complex to apply,
these strategies were shown to safely rule out PE in large manage-
ment outcome studies that demonstrated excellent patient outcomes
when the diagnostic and therapeutic decisions were made on the
basis of planar imaging. These studies made clinicians confident that
planar V/Q scanning is an “established test for diagnosing PE” (10).
Furthermore, scintigraphic strategies may be more appropriate than
CT pulmonary angiography (CTPA)–based strategies with regards to
the current concern about overdiagnosis and overtreatment of PE (8).
However, use of probabilistic terminology and a relatively high rate
of indeterminate results have led to a decreasing popularity of V/Q
scans as compared with CTPAwith its binary and easily understand-
able, if not necessarily more accurate, reporting approach.
In recent years, the technology around V/Q scintigraphy has

rapidly evolved. Development of new imaging equipment and
newer and more optimal radiopharmaceuticals has led to the
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introduction of SPECT V/Q scintigraphy, which has been reported
to improve the diagnostic performances of the test (11–14) and
significantly decrease the proportion of nondiagnostic studies (15–
17). The guidelines of the European Association of Nuclear Med-
icine (EANM) for V/Q scintigraphy strongly recommend use of
SPECT and advocate the use of binary reporting terminology in
most cases (18). The Society of Nuclear Medicine and Molecular
Imaging is less definitive but also allows the use of V/Q SPECT
(19). In a systematic review of the literature published by a group of
experts in 2009, the promising results of V/Q SPECT were noted,
but the group recommended that a large prospective evaluation was
needed (20). Although V/Q SPECT has many proponents within the
nuclear medicine community, publications from nonnuclear medi-
cine specialists often still focus on planar imaging, in particular
referring to its high rate of nondiagnostic examinations (21,22).
Some have described V/Q SPECT as a new technology requiring
definitive validation (10,23). Indeed, a large management outcome
study based on the V/Q SPECT for PE diagnosis is lacking. More
recently, the introduction of hybrid SPECT/CT systems has enabled
simultaneous acquisition of V/Q SPECT and CT scanning of the
lungs. A low-dose CT, in addition to V/Q imaging (24), or in lieu of
ventilation images, has also been proposed for diagnosing PE (25).
There are currently no data available regarding current practices

in nuclear medicine centers regarding the diagnosis of acute PE. In
particular, little is known concerning the proportion of centers
using SPECT or SPECT/CT rather than planar imaging, nor are
there data regarding which criteria are currently used to interpret

planar and V/Q SPECT. The aim of this study was, therefore, to
assess these practices in nuclear medicine centers.

MATERIALS AND METHODS

Questionnaire

A survey was developed using an Internet-based survey tool (www.
surveymonkey.com). Length and complexity were limited to improve

compliance and the response rate. The questionnaire encompassed
image acquisition, diagnostic criteria for SPECT and planar interpre-

tation, and use of pseudoplanar images (planarlike images derived
from SPECT data) and radiotracer for ventilation images (Fig. 1).

The survey comprised single-best-answer multiple-choice questions.
The software made it mandatory to answer one question before

accessing the following one. All questions included a Non Applicable
proposal to avoid random default response.

Collection of Data

The survey was initially conducted in France in April and May 2014
with the objective of obtaining 1 response per institution. Two hundred

ten institutions were listed on the basis of the directory from the French
Society of Nuclear Medicine (SFMN) (www.sfmn.org). First, an e-mail

including an Internet link to the survey was sent to 1 of the physicians

from each center, typically the head of the department. A few days later,
a reminder e-mail was sent to the departments that had not responded.

Finally, departments were solicited by telephone: 1 nuclear medicine
physician was contacted and asked to respond to the questionnaire.

To obtain more generalizable data from different continents, the
survey was then extended to Canada from September to November

2014 and in Australia from October to December 2014. In collaboration
with the Canadian Association of Nuclear Medicine (CANM) and the

Australasian Association of Nuclear Medicine Specialists (AANMS),
the survey was circulated to their memberships via 2 sets of e-mails.

Australian departments were also subsequently solicited by telephone.
Concordant with the survey design initially performed in France, 1

response per center was consolidated in Australia and Canada. In
Canada, 158 nuclear medicine institutions were listed on the basis of the

directory from the CANM, and the number of institutions in Australia
was estimated to be approximately 170. In the few cases of discordant

results between physicians from the same institution, the most frequent
response was chosen. If there were only 2 discordant responses from the

same department, the first complete response was recorded.

RESULTS

Data Collection

In France, 209 responses were collected (response rate, 209/210 5
99.5%): 78 (37%) after the first e-mail, 57 (27%) after the second
e-mail, and 74 (35%) after a phone call. In Canada, 75 responses were
collected covering 48 sites (response rate, 48/158 5 30% of centers)
(respectively, 36 [75%] and 12 [25%] after the first and reminder
e-mails). In Australia, 85 responses were collected covering 74 sites
(response rate, 74/170 5 44%) (respectively, 35 [47%] and 20 [27%]
after the first and reminder e-mails and 19 [26%] by phone call).
Overall, 331 different institutions were assessed among the 3 coun-
tries: 74 (22%) in Australia, 48 (14%) in Canada, and 209 (63%) in
France.

Routine Examination for Suspicion of Acute PE

Of the 331 centers, 12 did not perform lung scintigraphy. Among
the 319 remaining departments, 231 (72%) routinely used V/Q
SPECT in the context of acute PE suspicion (Australia, 85%;
Canada, 77%; France, 67%).
Overall, the routine examination in the setting of suspicion of

acute PE was a V/Q SPECT without CT in 116 (36%), a V/Q
FIGURE 1. Common questionnaire. *Single-best-answer multiple-choice

question.
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SPECT CT in 94 (29%), a planar V/Q scan in 90 (28%), both
planar and SPECT acquisitions in 15 (5%), and a perfusion
SPECT CT (without ventilation images) in 5 (2%) departments
(Fig. 2A). There was a marked variability between the 3 countries
in the proportions of centers using V/Q planar, V/Q SPECT, and
V/Q SPECT CT, respectively, 15%, 46%, and 33% in Australia;
23%, 65%, and 6% in Canada; and 34%, 26%, and 36% in France
(Fig. 2B).
Among the institutions performing V/Q SPECT, a CT was

associated in 46% of cases (Australia, 42%; Canada, 11%; France,
58%).

V/Q SPECT Interpretation Criteria

Sixty-one centers responded that they did not perform V/Q
SPECT. Of the 270 remaining centers, the most commonly used
interpretation criteria were those of the EANM (binary interpretation
with a diagnostic threshold of 1 segmental or 2 subsegmental mis-
matched defects), which were used in 60% of cases; 20% did not use
standardized criteria, 11% used a binary reporting interpretation with
a diagnostic cutoff of 1 subsegmental mismatched defect, and 8%
used the revised PIOPED criteria. The proportion of sites using the
various V/Q SPECT interpretation criteria was broadly consistent
among the 3 countries (Fig. 3).

Use of Pseudoplanar Images

Overall, 63% of institutions used planar images generated from
SPECT data, so-called pseudoplanar images (82% in Australia,
63% in Canada, 56% in France). In Australia, a more detailed
question was provided to assess the role of these additional images.
Among the 53 departments producing pseudoplanar images, the
aim was for primary interpretation in 3 (8%), to confirm/correlate
SPECT interpretation in 31 (58%), and to provide planar images to

the clinicians (without usefulness for in-
terpretation) in 19 (38%) institutions.

V/Q PLANAR Interpretation Criteria

Of the 311 centers assessed, 99 indicated
that they did not perform V/Q planar
imaging. Among the 232 remaining institu-
tions, EANM criteria were used in 35%, the
PIOPED criteria in 29%, no standardized
criteria in 21%, a binary approach with
a diagnostic cutoff of 1 subsegmental mis-
matched defect in 20%, and the Prospective
Investigative Study of Acute Pulmonary
Embolism Diagnosis criteria in 1% (Fig. 4).

Radiotracer for Ventilation Imaging

The ventilation agent used for V/Q imaging varied among the 3
countries assessed. In France, 83% of institutions used a radio-
labeled aerosol (99mTc-diethylene triamine pentaacetic acid (DTPA)
or 99mTc-labeled technegas), with the remaining 17% using 81mKr.
In Canada, 96% used a radiolabeled aerosol (99mTc-DTPA, 17%;
99mTc-labeled technegas, 79%), and 4% used 133Xe. In Australia,
only 99mTc-labeled technegas was used.

DISCUSSION

Several conclusions can be reached based on responses from
331 nuclear medicine departments in 3 different countries re-
garding V/Q scintigraphy for the diagnosis of acute PE. First, in
these countries, SPECT has largely replaced planar imaging, with
almost half of the SPECT studies also incorporating a low-dose
CT. Second, criteria used for interpretation are inconsistent,
especially for V/Q planar imaging.
The observation that a large majority of nuclear medicine centers

(72%) have switched from the traditional planar imaging to SPECT
suggests that the nuclear medicine community considers V/Q
SPECT to be a more appropriate test with higher diagnostic
accuracy than planar scanning for diagnosing PE. By using 3-
dimensional imaging, V/Q SPECT has an undoubted technical
advantage over conventional planar imaging through its ability to
eliminate overlap of perfusion defects; its visualization of the
medial-basal segment; and its ability to better assess the size, shape,
and location of defects (26). Many studies have demonstrated the
higher diagnostic performances of V/Q SPECT when compared
with planar imaging for the diagnosis of PE (11–14). In particular,
V/Q SPECT has been reported to dramatically reduce the propor-
tion of nondiagnostic tests (15,16,27). It is for these reasons that

the majority of nuclear medicine physicians
have adopted V/Q SPECT as routine for PE
diagnosis.
However, 33% of institutions still perform

planar V/Q scintigraphy, with 5% of depart-
ments acquiring both planar and SPECT
images. The reason why these institutions
have not adopted V/Q SPECT is unclear and
was not specifically elucidated in the study.

Possible barriers preventing the transition
from planar to SPECT imaging include
resistance to change, greater familiarity and
experience with planar imaging, concerns

relating to increased image acquisition times,
and the lack of a suitable ventilation agent

FIGURE 2. What is your routine examination for suspicion of acute PE? (A) Overall results from

the 3 countries. (B) Results in Australia, Canada, and France.

FIGURE 3. What ventilation/perfusion SPECT diagnostic criteria do you use for suspicion of

acute PE? (A) Overall results from the 3 countries. (B) Results in Australia, Canada, and France.
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(26). Some physicians may consider that there is no need to change
because planar V/Q is a validated and well-established examination.
Other physicians, especially those performing both SPECT and pla-
nar acquisition, reported a willingness to switch from planar to
SPECT V/Q but were constrained by a reluctance of the clinicians
to adopt this new imaging method.
Although the proportion of nuclear medicine physicians perform-

ing SPECT acquisitions for diagnosis of PE is high in the countries
surveyed, references to V/Q scanning in the medical literature by
nonnuclear medicine specialists frequently refer to planar imaging,
often with reference to its high nondiagnostic rates (21,22). In the
few publications that reference V/Q SPECT, it is often portrayed as
a test with future potential applicability, rather than an examination
in routine use today (10). Although current clinical guidelines make
reference to planar V/Q imaging (10), and presumably many re-
ferring clinicians assume that this is how V/Q is still performed, our
survey shows that in at least the 3 countries surveyed, SPECT has
largely replaced planar imaging in the investigation of PE. This
raises concern that there is a lack of communication between nu-
clear medicine physicians and referring physicians about how
the test is performed. This discrepancy may be related to several
factors. First, studies describing V/Q SPECT have been mostly
published in nuclear medicine journals rather than in high-impact
general internal medicine journals. In contrast, methods such as
CTPA, V/Q planar, or D-dimer testing are more widely described
in the nonimaging literature. Furthermore, V/Q SPECT has not
achieved the same standard of validation as others diagnostic tests
including planar V/Q imaging (1,6–9), CTPA (28–30), or D-dimer
testing (31,32), which may impede its widespread acceptance by
clinicians. Indeed, although there is an extensive literature reporting
the superior diagnostic performances of V/Q SPECT as compared
with V/Q planar, the exact accuracy of V/Q SPECT for PE diag-
nosis is still unknown (20,23). Most importantly, although all di-
agnostic tests and strategies (including CTPA, planar V/Q, or D-
dimer) for PE diagnosis have been validated in large management
outcome studies, such a study with V/Q SPECT is still lacking. It is
likely that achieving the same standard of validation will be an
essential step in convincing clinicians, and especially venous throm-
boembolism specialists, of the usefulness of V/Q SPECT for di-
agnosis of PE.
Among institutions using V/Q SPECT, 46% simultaneously ac-

quired CT images. The relatively high proportion of institutions that
have adopted this approach would suggest that imaging specialists
consider the CT to be useful for the interpretation of V/Q SPECT.
However, there was a marked variability between the 3 countries. In

France, where the proportion of centers using
V/Q planar was the highest, 58% of institu-
tions performing SPECT also acquired CT
images. The proportion was 42% in Australia
and only 11% in Canada. These results
cannot be fully explained by differences in
the availability of hybrid cameras. Indeed,
although most Canadian institutions do have
a hybrid SPECT/CT system, only 11% of
centers performed V/Q SPECT CT acquisi-
tion. Dosimetric considerations may be a
contributing factor, although the additional
radiation dose is only on the order of 1 mSv
whereas overall radiation dose of a CTPA is
on the order of 8–20 mSv (11). Difference
in cost and in reimbursement policies could

also play a role in some jurisdictions. In addition, there are much less
data validating the use of V/Q SPECT/CT as compared with V/Q
SPECT alone. Studies have consistently reported a higher specificity
of the test (24,33), which may be of relevance in the setting of the
increasing concern about a possible overtreatment of PE and a trend
toward the use of extended duration of anticoagulation therapy (34).
An additional low-dose CT also allows the detection of alternative
diagnoses, which has been reported as an advantage of CTPA (35).
A limited number of institutions routinely use a low-dose CT in lieu of
ventilation imaging (Q SPECT/CT). Recent data demonstrated similar
sensitivity but lower specificity, with a high risk of false-positive
results when compared with V/Q SPECT (24).
The second part of the survey was dedicated to the interpretation

criteria. There is an extensive literature on the topic, with multiple
criteria proposed for interpretation, likely as a result of the probabilistic
reporting approach proposed in the PIOPED study. For V/Q SPECT,
the most commonly used criteria (60%) were those proposed by the
EANM, that is, a binary approach (PE or no PE) with a diagnostic
cutoff of “1 segmental or 2 subsegmental perfusion mismatched
defects” (18). This diagnostic cutoff has been reported to be optimal
for PE diagnosis (36), and a recent observational study confirmed the
diagnostic exclusion safety of a diagnostic management including a
V/Q SPECT study interpreted with these criteria (37). Only 8% of
institutions used the probabilistic approach for interpretation of SPECT,
compared with 29% for planar. Our survey demonstrated that the shift
from planar to SPECT imaging has also been associated with a replace-
ment of probabilistic reporting with a more binary reporting approach.
Although there is some variability in the reporting criteria used for

SPECT imaging, there is much greater inconsistency in the in-
terpretation of planar imaging. In the survey, 29% of institutions use
the probabilistic reporting approach, allowing the integration the V/Q
scan results into validated diagnostic algorithms. However, most
centers performing planar imaging use a binary reporting approach,
with 35% of respondents using the EANM diagnostic cutoff and
20% of institutions using a 1 subsegmental cutoff. This is a relevant
finding for referring specialists, as the reporting criteria used may not
be those that have been validated in large outcome management
studies (6–9,38). Overall, only 10% of centers currently use planar
V/Q interpreted according to the probabilistic criteria, highlighting
our observation that the approach to image acquisition and the
reporting criteria used for V/Q scanning have changed in recent
years, which may not be understood by referring clinicians.
Planarlike images can be derived from SPECT data using several

approaches. In our survey, 63% of institutions performing V/Q
SPECTalso generate pseudoplanar images. In Australia, departments

FIGURE 4. What ventilation/perfusion PLANAR scintigraphy diagnostic criteria do you use for

suspicion of acute PE? (A) Overall results from the 3 countries. (B) Results in Australia, Canada,

and France.
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were further asked about the rationale of producing such images. For
36% of institutions, the aim is just to provide planar images to the
referring clinicians, with the pseudoplanar images not being used for
interpretation. Fifty-eight percent of institutions use them to confirm
or correlate SPECT image interpretation. Although summed planar
images have been shown to approximate true planar images, they are
not perfectly concordant and may blur out small perfusion defects
(39,40). Although the concordance between reprojected and true pla-
nar images may be better (39), how to manage discrepancies between
SPECT and pseudoplanar images, and how they should be used by
both reporting specialists and referring specialists, remains unresolved.
This study has some limitations. First, the questionnaire was

composed of a small number of multiple-choice questions, which
limited the possible responses. However, all questions included
a response of other, which was chosen in a limited number of cases,
suggesting that most physicians found an adequate response among
the propositions. Second, only 1 answer per institution was consol-
idated to conform to the initial survey design performed in France.
Accordingly, we did not assess the variability of practices among
physicians from a same institution, which would be a subject of
interest. Third, the participation rate was 30% in Canada and 44% in
Australia, which could bias the results because nonresponders may
hold divergent practices. Nonetheless, the participation rate was
almost universal (209/210 departments) in France, where the survey
demonstrated the same trend in the use of SPECT and similar
inconsistency with regard to the interpretation criteria. Fourth, the
conclusions drawn relate to the 3 countries that were surveyed and it
may not be possible to extrapolate the results more broadly to other
countries. Access to hybrid scanners varies around the world, and in
particular, there is differing access to various scintigraphic ventilation
agents. Of particular note is that technegas or Krypton are not
available in the United States, which may be a contributing factor to
the low adoption of V/Q SPECT imaging in that country, although
some suggest that 99mTc-DTPA and 133Xe may be used.

CONCLUSION

This survey of current practices in nuclear medicine departments,
spanning 3 countries, demonstrated that SPECT has largely replaced
planar imaging for diagnosing PE and that interpretation criteria are
variable. These trends may not be understood by referring clinicians,
which highlights the need for further standardization of practices and
better communication between nuclear medicine physicians and
clinicians. Although validation studies have been done using V/Q
planar, CTPA, and D-dimer, they are lacking with regard to the use of
V/Q SPECT in the diagnostic pathway for suspected PE. Clinical trials
validating the performance of SPECT would be of value to achieve
uniform practices within nuclear medicine departments and to convince
clinicians of the usefulness of V/Q SPECT for diagnosis of PE.
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