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FIGURE 5. Sagittal (left) and transaxial (right) perfusion, CTPA,
and fused slices in patient with PE and lower lobe volume loss
due to atelectasis. Although defect (red crosshairs) was initially lo-
calized to superior segment of right lower lobe, fusion accurately
localizes defect to posterior segment of right upper lobe. (Reprinted
with permission from (52).)

SPECT/CT (I8). Although CTPA had a high specificity
(100%, identical to that reported for V/Q SPECT/CT), it had
a sensitivity much lower than either SPECT or SPECT/CT (68%
compared with 97%).

Another benefit of SPECT/CT imaging is the ability to more
accurately localize perfusion defects to the correct segments in
each individual patient. The segmental reference lung maps that
are used to guide SPECT reporting may be erroneous because
of the distortion of individual anatomy caused by other lung
conditions, such as atelectasis and pleural effusions, which
often coexist in patients with PE (Fig. 5) (52,57). This infor-
mation may be relevant to help guide a reporting radiologist to
the correct segmental artery should CTPA be required to con-
firm the findings on a V/Q SPECT study.

Combining V/Q SPECT with CTPA

Another option for combining structural and functional images is
to fuse perfusion SPECT with diagnostic CTPA, performed on either
the same hybrid scanner or another CT scanner using software
fusion (Fig. 6) (58). Although requiring appropriate software pro-
grams and operator expertise, this approach can be of value in

FIGURE 6. Coregistered
CTPA and perfusion SPECT
scans (transverse slice) dem-
onstrating extensive perfusion
defects on SPECT. Findings
correspond to proximal bilat-
eral PE shown on CTPA
(arrows) (Reprinted with per-
mission from (52).)
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FIGURE 7. (A) Planar V/Q scan in patient with dyspnea. Single

mismatched defect is seen at right base (arrow), classifying study
as intermediate probability of PE. (B) Representative coronal
SPECT slices show multiple mismatched defects (arrows) indic-
ative of widespread PE. Patient had extensive deep venous
thrombosis.

selected patients and may better guide the reporting radiologist to
the site of a likely clot on CTPA (59).

CONTROVERSIES

Is the Ventilation Scan Necessary?

With SPECT/CT able to show structural abnormalities, the
need for a ventilation study has been questioned. Several studies
have demonstrated that specificity falls significantly if ventilation
is omitted. Gradinscak et al. showed that parenchymal abnor-
malities (usually subsegmental atelectasis) were noted on CT in
13% of V/Q SPECT mismatches (60), and Gutte et al. demon-
strated that perfusion-only SPECT/CT has a higher nondiagnos-
tic rate (17%) and lower specificity than V/Q SPECT/CT (51%
compared with 100%) (18). Although perfusion-only SPECT/CT
should be considered in sites without access to a suitable venti-
lation agent, limited literature suggests that performing a ventila-
tion study does maximize specificity and reduce false-positive
results.

Do Additional Clots Detected by SPECT Warrant Treatment?
Although V/Q SPECT (and SPECT/CT) has a higher sensi-
tivity than planar imaging, the question has been raised as to
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clinical outcome is more relevant, we

consider that the higher sensitivity and
accuracy, improved reader confidence,
greater ease of reporting, and ability
to perform hybrid SPECT/CT imaging
are all compelling reasons to replace
planar imaging with SPECT for imag-
ing PE.

NON-PE APPLICATIONS AND
FUTURE DIRECTIONS

Anterior

Posterior

V/Q SPECT and SPECT/CT have

utility in areas other than PE. In
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patients undergoing lung volume reduc-
tion surgery, SPECT/CT can provide
a more accurate assessment of relative
perfusion (and ventilation) of individual
segments than planar imaging (Fig. 8).
V/Q SPECT has been shown to have
use in areas such as predicting postop-
erative lung function after lung resection
in patients with lung cancer, modify-
ing radiotherapy fields to minimize ra-
diation exposure to functioning lung,
demonstrating regional changes of ven-
tilation and perfusion in asthma, and
estimating regional lung function in
patients with interstitial pulmonary dis-
ease (63-65).

Future directions for SPECT/CT are
likely to include radiolabeled thrombus
imaging of PE (66). Quantitative SPECT
will benefit from hybrid imaging through
derivation of accurate patient-specific at-
tenuation correction (34). Lung scanning

A
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FIGURE 8.

(A) Anterior (left) and posterior (right) planar images in patient with right lung

using PET radiopharmaceuticals, such as
68Ga-carbon nanoparticles (“Galligas™)

carcinoma (arrows). Boxes over upper, middle, and lower thirds of each lung approximate
relative contribution of each region. Because of overlap of segments and differences in
individual anatomy, accuracy is lacking. (B) Fused perfusion/CT images (top row) in cor-
onal (left), transverse (middle), and sagittal (right) planes show perfusion defect (due to
tumor, denoted with red crosshairs) in right upper lobe. Patient’s individual CT scan can
be used to generate patient-specific lobar slices (middle row) in corresponding orthogonal
slices and rotating maximum-intensity-projection images (left image, bottom row). SPECT/
CT allowed accurate determination of each lobe’s relative contribution to overall ventilation
(middle image, bottom row) and perfusion (right image, bottom row). LLL = left lower lobe;
LUL = left upper lobe; RLL = right lower lobe; RML = right middle lobe; RUL = right

and °8Ga-macroaggregated albumin, is a
promising development that may further
enhance the role of nuclear medicine in
the assessment of PE and other lung dis-
orders (49).

CONCLUSION

As with other areas of nuclear medi-

upper lobe.

whether these clots (which are often subsegmental) are
significant enough to warrant anticoagulation (3,23,53,61). Al-
though large prospective outcome studies would be needed to
answer this question (and would be welcomed), it is our expe-
rience (and that of others) that SPECT detects additional PE
not just at the subsegmental level (Fig. 7) (/4). Diagnosis of
any PE, including small ones, may be of particular importance
in patients with impaired cardiopulmonary reserve, coexisting
DVT, or recurrent small PE (with its risk of pulmonary hy-
pertension) (62). Although this consideration raises the broader
philosophic question as to whether diagnostic accuracy or
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cine, V/Q scanning has been improved

significantly with SPECT imaging. V/Q

SPECT has a higher sensitivity and
specificity than planar imaging, as well as reduced interobserver
variability, increased overall accuracy, and improved reporter
confidence. The low rate of technically adequate studies,
absence of contrast-related risks, and higher sensitivity and
lower radiation dose than CTPA are all arguments supporting
the use of V/Q SPECT as the initial screening test for PE
in most patients (33,41). Specificity is further enhanced by
V/Q SPECT/CT, which provides the potential for a single
imaging procedure to assess PE with high accuracy while
also excluding various alternative causes of chest pain and
dyspnea.
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