
Ventilation–perfusion SPECT versus CTPA
in young adult females with suspected
pulmonary embolism

To the Editor:

We read with interest the “2019 ESC Guidelines for the diagnosis and management of acute pulmonary
embolism” developed by the European Society for Cardiology (ESC) in collaboration with the European
Respiratory Society [1]. An important question addressed in the 2019 ESC Guidelines, which is also
discussed in the recently updated guideline on ventilation–perfusion (VQ) scintigraphy from the European
Association of Nuclear Medicine (EANM) [2], is whether computed tomography pulmonary angiography
(CTPA) or VQ scintigraphy should be the diagnostic method of choice in suspected pulmonary embolism.
This quandary is notably pertinent in young female adults who are at an increased risk of pulmonary
embolism due to oral contraceptive use or pregnancy, and we would like to add to the discussion in
relation to this patient group by raising specific points relating to the diagnostic performance and
radiation exposure of VQ scintigraphy versus CTPA.

The 2019 ESC Guidelines provide specific recommendations regarding planar VQ scintigraphy, which is
typically based on six consecutive static projections, and interpreted according to a widely criticised
probabilistic diagnostic classification. The lower diagnostic accuracy compared to CTPA, as well as an
unacceptably high rate of non-diagnostic scans, has undoubtedly contributed to the tarnished reputation
of VQ scintigraphy. However, planar VQ scintigraphy has largely been abandoned throughout Europe and
is no longer recommended by EANM [2]. It has been replaced by the single photon emission computed
tomography (SPECT)-based technique mentioned in the 2019 ESC Guidelines, which provides
three-dimensional images of the pulmonary VQ distribution. VQ SPECT is interpreted according to a
trinary classification as 1) showing evidence of pulmonary embolism, 2) showing no evidence of
pulmonary embolism, or 3) as non-diagnostic. We acknowledge several of the methodological limitations
of the studies on the accuracy of VQ SPECT that are addressed in the 2019 ESC Guidelines, notably their
retrospective design and the inclusion of VQ SPECT itself in the reference standard in some studies, as
well as the paucity of outcome studies. Furthermore, as also mentioned, the optimal scanning technique,
particularly the added clinical value of supplementing VQ SPECT with computed tomography (CT)
remains to be defined in various categories of patients, but low-dose CT (without i.v. contrast), which
increases the specificity of VQ SPECT while also providing information regarding the same range of
differential diagnoses as CTPA, is currently the most widely used modality [2, 3]. We do, however,
respectfully disagree with the notion in the 2019 ESC Guidelines that the criteria for diagnosing acute
pulmonary embolism on VQ SPECT and their use in clinical practice are inconsistent. Since the previous
EANM guideline on VQ SPECT from 2009, the consensus diagnostic criteria for acute pulmonary
embolism has been the presence of at least one segmental or two subsegmental mismatched perfusion
defects that conform with pulmonary vascular anatomy [4], and we are not aware of any European nuclear
medicine facilities that currently use alternative definitions. With this approach, and while keeping the
methodological limitations mentioned above in mind, the diagnostic performance of VQ SPECT is
comparable to and may even exceed that of CTPA, while the non-diagnostic rates are similar (<5%) [2, 3, 5].

In terms of radiation exposure, the high rate of cell proliferation in the breast tissue of young females
renders this tissue notably radiation sensitive. The risk of radiation-induced cancer is proportional to
radiation dose [6], and according to a previous simulation-based study performed a decade ago, one case
of radiation-induced breast cancer would develop for every 330 CTPA scans performed in 20-year old
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females [7]. Considerable progress in CT-technology has been made over the past years, aiming at both
improving image quality and reducing radiation dose, but the difference in radiation exposure associated
with VQ SPECT and CTPA nonetheless remains substantial. However, the difference in radiation dose to
the breast tissue is largely underestimated when considering the effective (whole-body) doses alone.
According to current data obtained from two state of the art CTPA protocols available at our institution,
the effective doses of the CTPA protocols are only a few times higher than that of our VQ SPECT
protocol, but the absorbed dose in breast tissue is nonetheless 18–40 times higher (table 1). Even if the
VQ SPECT is supplemented with a low-dose CT, both the effective and absorbed dose remains less than
that of CTPA (table 1).

On basis of the above, we posit that VQ SPECT should be considered the first-choice imaging modality in
young adult females with suspected acute pulmonary embolism when a nuclear medicine facility is
available. We furthermore suggest that specific recommendations regarding planar VQ scintigraphy are
omitted from future clinical guidelines on the diagnosis and management of acute pulmonary embolism.
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TABLE 1 Effective and absorbed doses in different imaging modalities for diagnosing
pulmonary embolism

Modality Effective dose mSv Absorbed dose in
breast tissue mGy#

CTPA (standard pulmonary embolism protocol) 1.9 5.4
CTPA (dual energy pulmonary embolism protocol) 4.3 11.9
Perfusion scintigraphy (99mTc-MAA) 0.44–1.32 0.20–0.60
Ventilation scintigraphy (99mTc-DTPA) 0.14–0.21 0.038–0.057
Ventilation scintigraphy (99mTc-Technegas) 0.30–0.45 0.13–0.20
Ventilation scintigraphy (81mKr) 0.028–0.28 0.0037–0.037
Low-dose CT of chest (without i.v. contrast) 1.5 3.3

Ventilation–perfusion single photon emission computed tomography (SPECT) involves ventilation
scintigraphy with either 99mTc-labelled DTPA (aerosol), 99mTc-Technegas or 81mKr, and a perfusion
scintigraphy using 99mTc-labelled macroaggregated albumin (MAA), as well as optional low-dose computed
tomography (CT). The scintigraphy-based doses are calculated from established dose coefficients and the
standard administered activities in our institution, which are in accordance with current European
Association of Nuclear Medicine guidelines [2, 8, 9], where breast dose calculations for 81mKr were
calculated by scaling lung doses with their conversion factors (S values) [9]. CT doses are weighted values
based on measurements on a standard CT dose index (CTDI) phantom, using an ion chamber placed
consecutively in the centre, as well as in four locations in the periphery of the phantom, and were found to
agree with the measured CTDI values reported by the scanner in all instances. The effective dose and
absorbed dose in breast tissue were calculated from CTDI based on Monte Carlo simulations using CTexpo
software (SASCRAD, Buchholz, Germany). #: in the case of X-rays and gamma radiation, the absorbed dose
in breast tissue has the same numerical value as the equivalent dose with the unit mSv. CTPA: computed
tomography pulmonary angiography.
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The optimal imaging test for diagnosis
of acute pulmonary embolism: a second
chance for lung scintigraphy?

From the author:

S.L. Hansen and colleagues present a number of arguments aiming to improve the “tarnished” (as the
authors call it) reputation of ventilation–perfusion (VQ) scintigraphy, and to promote single photon
emission computed tomography (VQ SPECT) in the diagnostic work-up of suspected pulmonary
embolism. Among others, the authors provide a table showing the effective and absorbed doses in
different imaging modalities used for the diagnosis or exclusion of pulmonary embolism. This information
complements and extends the data provided in the 2019 European Society of Cardiology (ESC) guidelines
for the diagnosis and management of acute pulmonary embolism, developed in collaboration with the
European Respiratory Society (ERS) [1]. In agreement with these guidelines, S.L. Hansen and colleagues
point to the significantly lower radiation dose absorbed by the breast tissue during VQ SPECT as opposed
to computed tomography pulmonary angiography (CTPA). In view of these differences, the authors
advocate the use of VQ SPECT as first-line diagnostic modality in young adult females with suspected
pulmonary embolism.

The first update of the ESC guidelines for pulmonary embolism, including formal recommendations, was
published in 2008 [2], replacing a more narrative earlier version [3]. The most important novelty of the
update was the revised diagnostic algorithm for patients with suspected pulmonary embolism, in which
CTPA replaced VQ scintigraphy (and invasive pulmonary angiography) as the new central imaging test
and diagnostic “gold standard” [2]. The evidence for the shift to CTPA had been delivered a few years
before by the results of major accuracy and management trials [4, 5]. The 2008 guidelines did acknowledge
that the validity of the (planar) lung scan had been evaluated in several prospective clinical outcome
studies, showing low event rates and suggesting that it is safe to withhold anticoagulant therapy in patients
with a normal perfusion scan [2]. This fact had also been confirmed in a randomised trial comparing VQ
scan with CTPA [6]. In parallel, it was mentioned [2] that the evolving SPECT technique promised to
overcome the problem of frequent non-diagnostic intermediate probability planar scans [7, 8]. However, in
the second update of the guidelines 6 years later [9], and although VQ scan continued to be explicitly
mentioned as a valid diagnostic test for pulmonary embolism, no compelling new evidence was cited to
question the central position of CTPA, which had meanwhile conquered the vast majority of hospitals in
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Europe and beyond. Specifically for VQ SPECT, with or without low-dose computed tomography, the
conclusion of the guidelines was that large-scale prospective studies were needed to validate these new
approaches [9]. Now, in the most recent 2019 update to which Hansen and co-workers refer, the wording
and overall evaluation of VQ scintigraphy, including SPECT, remained largely unchanged [1].

Does this “stagnation” mean that the chapter of pulmonary embolism diagnosis should finally be
considered closed? I agree with the authors that the answer is by no means so simple. Being experts in
nuclear medicine, S.L. Hansen and colleagues eloquently defend the consistency of the diagnostic criteria
for pulmonary embolism in VQ SPECT. One should also fairly admit that “large-scale” prospective trials
required to provide high-level evidence in favour of VQ SPECT are hardly realistic in the era of CTPA
dominance. In addition, if VQ SPECT is considered to be the technical evolution of planar VQ scan, its
clinical evaluation may not need to be as extensive as would be required for a diagnostic method based on
a totally new principle. The authors further emphasise the advantages of the technique, the strongest of
which is the low dose of absorbed radiation compared to CTPA. In fact, their suggestion to consider VQ
SPECT in the diagnostic work-up of young women is principally in line with the algorithm proposed by
the 2019 ESC/ERS guidelines for suspected pulmonary embolism in pregnancy, in which (perfusion)
scintigraphy assumes a clearly visible position as an alternative to CTPA [1]. S.L. Hansen and colleagues
go further by proposing to extend these recommendations to VQ SPECT and broaden the target
population to non-pregnant young women.

Overall, there is no fundamental disagreement between the arguments of Hansen and co-workers and the
recommendations of the 2019 ESC/ERS guidelines. Except, perhaps for these few words in the concluding
paragraph: “first-choice imaging modality”. To issue a broad recommendation in favour of VQ SPECT and
against the current gold standard CTPA, the guidelines must, even if this is only for a specific clinical
setting, ensure that two conditions are met, assuming that the two methods are otherwise equivalent:
1) the alternative is broadly available, as is the standard; and 2) the alternative is always and rapidly
available, as is (in most cases) the standard, so that diagnosis or exclusion of pulmonary embolism will be
equally fast. Unfortunately, however, we have to admit that, in the majority of European hospitals, these
conditions are not met for VQ SPECT. Pulmonary embolism is an acute, potentially life-threatening
situation, and nothing can be more dangerous for patients, including young women, than delaying its
confirmation or exclusion by several hours or even days until the test can be performed. Transferring the
patient to another facility that can perform VQ SPECT is also not an acceptable option. Consequently, it
is unlikely that the CTPA-based “main” algorithm will change in the near future. On the other hand, and
as the authors point out, VQ scintigraphy may certainly become (or continue to be) the first-line
diagnostic method in institutions that can ensure its uninterrupted availability and the expertise in its
interpretation.
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