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Ventilation–perfusion (V/Q) scintigraphy is established for
regional assessment of lung function in a variety of diseases,
including pulmonary embolism (PE). PET/CT may further
improve the accuracy and utility of V/Q imaging because of
its superior technical characteristics. This pilot study assessed
the feasibility of performing V/Q PET/CT and compared diag-
nostic utility with conventional V/Q imaging in patients with clin-
ical suspicion of PE. Methods: Ten patients undergoing
conventional V/Q imaging were prospectively recruited. PET/
CT V/Q imaging was performed after inhalation of 68Ga-carbon
nanoparticles (“Galligas”) and administration of 68Ga-macroag-
gregated albumin. Blinded to the results of the other study,
SPECT/CT (n5 9) or SPECT (n5 1) images and PET/CT images
were graded by a predefined scoring system for scan quality.
The number of matched or unmatched defects and diagnosis
were also measured and compared with a final diagnosis.
Results: PET image quality was equivalent or superior to
SPECT in all patients, with more homogeneous radiotracer dis-
tribution for both ventilation and perfusion studies (P , 0.01).
Based on conventional V/Q imaging, the diagnosis was acute
PE in 2 patients and no PE in 7 patients, and the imaging results
were nondiagnostic in 1 patient. The PET/CT diagnosis was
concordant in 8 patients, and these studies demonstrated a
similar number and distribution of matched and unmatched
defects. In 1 discordant case, a patient with a SPECT/CT study
that was nondiagnostic because of severe airway disease
showed no PE on PET/CT. In another, the diagnosis of PE
established on SPECT/CT was not reported on PET/CT 2 d
later, possibly because of interval clot lysis or migration. Con-
clusion: This intraindividual comparative study demonstrated
that V/Q PET/CT with 68Ga-labeled radiotracers can be per-
formed in clinical practice. Compared with conventional V/Q
imaging, advantages include higher-resolution, fully tomo-
graphic images with potentially better regional quantitation of
lung function. The short half-life of 68Ga also enables more
flexible acquisition protocols with the option of performing ven-
tilation studies selectively on patients with abnormal perfusion.
On the basis of our results, further studies are indicated to

assess whether V/Q PET/CT can improve diagnostic algorithms
for patients with suspected PE.
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Ventilation–perfusion (V/Q) scintigraphy allows assess-
ment of regional lung function in a variety of diseases. Most
studies are performed to assess patients with suspected pul-
monary embolism (PE) because presenting symptoms and
signs are variable and insufficient for a clinical diagnosis.
The Prospective Investigation of Pulmonary Embolism Di-
agnosis study (1), designed in 1983, established V/Q imag-
ing as the standard of care at the time. V/Q imaging has
improved in the past 3 decades because of major advances
in image acquisition, reconstruction, and analysis techniques.
The use of 99mTc-labeled carbon nanoparticles (Technegas;
Cyclopharm) has improved the assessment of ventilation
because of favorable imaging characteristics and small par-
ticle size, resulting in better peripheral distribution than is
obtained with other aerosol techniques (2,3).

Planar scintigraphy is limited by the small number of
views, with each representing a summation of data that
includes overlapping lung activity. SPECT overcomes this
limitation, leading to improved sensitivity, specificity, and
reproducibility and a lower number of inconclusive reports
(4–7). In a large prospective series, V/Q SPECT had a high
negative predictive value for excluding PE (8). The advent of
hybrid SPECT/CT devices further improved diagnostic accu-
racy by enabling anatomic characterization of scintigraphic
abnormalities (9,10). The CT component also assists diag-
nosis by identifying nonembolic causes of the symptoms of
shortness of breath and pleuritic pain that raise suspicion of
PE. The causes of such symptoms include lung infection,
pleural abnormalities, and bone abnormalities.

PET offers a unique opportunity to further improve the
accuracy and utility of V/Q imaging. PET provides vastly
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superior image quality and speed compared with conven-
tional g-camera imaging, and is an intrinsically quantitative
volumetric modality. V/Q PET/CT is now possible by sub-
stituting 99mTc with 68Ga, a positron-emitting radionuclide,
using the same carrier molecules as conventional V/Q
imaging. Ventilation imaging can be performed with
68Ga-carbon nanoparticles using the same synthesis device
as Technegas, yielding “Galligas” (11). Perfusion imaging
can be performed with 68Ga-macroaggregated albumin
(68Ga-MAA). 68Ga has a short half-life of 68 min and is
conveniently available on demand using a small on-site
generator (12). Furthermore, all commercially available
scanners are now combined with multislice CT (PET/CT),
enabling detailed anatomic correlation.
We report the results of a pilot study of V/Q PET/CT

performed on a cohort of patients with clinical suspicion
of PE investigated with conventional V/Q imaging. The
objective of this study was to assess the feasibility of
performing V/Q PET/CT in a routine clinical setting and to
compare the image quality and diagnostic utility with that
of conventional V/Q imaging (SPECT/CT or SPECT).

MATERIALS AND METHODS

Patients
Patients with suspected PE who were referred for V/Q imaging

or CT pulmonary angiography (CTPA) were approached for
participation in the pilot study. Ten patients were prospectively
recruited (age range, 24–70 y) over a 4-mo period from July 2010.
All underwent diagnostic V/Q SPECT beforehand, 9 with con-
temporaneous CT using a hybrid scanner, and 2 also underwent
CTPA. V/Q PET/CTwas performed after the conventional modality.
Pretest probability was assessed according to the score of Wells
et al. (13). Two patients had a high pretest probability, 7 a moderate
probability, and 1 a low probability, for PE. Table 1 provides
more detailed baseline characteristics of the cohort. Exclusion
criteria included age less than 18 y, pregnancy, breast-feeding,
and an inability to tolerate supine positioning on the PET/CT bed.
Written informed consent was provided by each patient. The
research protocol (10/24) was approved by the Clinical Research
Committee and the Ethics Committee at the Peter MacCallum
Cancer Centre.

68Ga Radiotracer Production
68Ga was eluted using an on-site 68Ge/68Ga generator (IDB Hol-

land BV), purified through a method previously described (12).
Galligas was prepared using a commercially available Tech-

negas generator (Cyclopharm). With this device, Galligas was
prepared using the same technique as for Technegas production
with substitution of 68Ga for 99mTc. Approximately 50 MBq of
68Ga in the form of gallium chloride were placed in the carbon
crucible of the synthesis unit.

68Ga-MAA was prepared using Pulmolite (Pharmalucence
Inc.). This was washed with deionized water and dispensed into
three 1-mL aliquots containing MAA particles of between 250,000
and 800,000 particles. 68Ga was buffered with acetate buffer to pH
6.5 before being added to the MAA aliquot. The suspension mix-
ture was incubated for 5 min at 70�C after the addition of 68Ga.
Labeling efficacy in excess of 90% was demonstrated by compar-

ing the activity present in the supernatant after isolation by cen-
trifugation with the total activity of the combined sediment and
supernatant, and also by measuring the amount of labeled MAA
retained within a 0.22-mmMillex filter (Millipore). Analysis using
a hemocytometer demonstrated no discernable differences in par-
ticle size.

Conventional V/Q Imaging
Nine patients underwent V/Q SPECT/CT using a routine

clinical protocol; 1 patient was imaged at another facility using
a stand-alone V/Q SPECT scanner. At our center, a 2-head
SPECT/CT system fitted with low-energy, high-resolution colli-
mators was used (Symbia T6; Siemens Medical Systems).
Technegas was produced after insertion of 600–800 MBq of
99mTc-pertechnetate in the carbon crucible of the synthesis unit.
After inhalation, ventilation SPECT was performed with 32 steps
of 25-s duration and contour detection. A mean of 218 MBq
(range, 193–255 MBq) of 99mTc-MAA was administered intrave-
nously, and the perfusion SPECT was performed with similar
parameters, except for speed, which was 15 s per step. Afterward,
low-dose CT was performed (CARE Dose, 40 effective mAs; Sie-
mens). SPECT images were reconstructed using the Flash 3D
iterative algorithm (Siemens) without attenuation correction.

PET/CT
Each patient inhaled Galligas in a supine position, using the

same technique as for Technegas. This inhalation took place in a
room separate from the PET/CT scanner to avoid any potential
contamination. The estimated inhaled activity was 10 MBq. The
patient was imaged supine, with arms up and resting behind the
neck. The scanner was a Discovery STE (GE Healthcare), which
incorporates an 8-slice multidetector CT component. Low-dose
CT was performed without intravenous contrast material (140
kVp, 40–200 mAs; Smart mA [GE Healthcare]), followed by the
ventilation PET acquisition (2 or 3 bed positions of 3 min each).
Without movement of the patient, a mean of 39 MBq (range,
25–60 MBq) of 68Ga-MAA was injected as a slow intravenous
bolus. This dose approximates a 1:4 activity ratio between venti-
lation and perfusion imaging. Lung perfusion PET was performed
using the same bed positions and parameters as for the ventilation
study. Images were reconstructed with attenuation correction,
using an ordered-subset expectation maximization algorithm.

Image Interpretation and Data Analysis
Ventilation studies were paired with the corresponding perfu-

sion studies and reviewed on an eSoft multimodality workstation
(Siemens). V/Q SPECT/CT or SPECT images and V/Q PET/CT
images were reviewed by 2 experienced physicians in tandem,
who did not know the results of the other examination. The images
were reviewed in random order, with an interval of 1 wk between
each modality, according to a predefined scoring system. First, V/Q
images were characterized as normal, abnormal, or nondiagnostic.
Second, 3 qualitative parameters were used as previously defined by
Jogi et al. (3) to assess image quality: unevenness of radioaerosol
distribution, deposition of radioaerosol in major and intermediate
conducting airways (i.e., central deposition), and focal peripheral
deposition in more distal airways. Each of these parameters was
scored from 0 (none or normal) to 10 (very high). A paired-sample
t test was used to compare the 2 groups (SPSS Statistics, version 19;
IBM). Third, the number of matched and unmatched defects within
each lobe was counted and characterized as segmental, subsegmen-
tal, or nonsegmental. Finally, a diagnosis of presence or absence of
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PE was assigned. Images were interpreted in the context of clinical
history, using criteria as recommended by the guidelines of the
European Association of Nuclear Medicine (14), with the addition
of anatomic correlation from the low-dose CT.

A subsequent side-by-side review of any images from patients
with discordant results between SPECT/CT and PET/CT was
performed to identify possible reasons for the discordance. A final
diagnosis was obtained after review of subsequent medical
records, including clinical review and imaging.

RESULTS

All patients tolerated V/Q PET/CTwithout complication.
In 5 patients, the PET/CT was performed on the same day
as the SPECT/CT, with the interval varying between 1 and
8 d for the remaining patients.
For the qualitative parameters used to assess image

quality (Fig. 1; Supplemental Table 1 [supplemental mate-
rials are available online only at http://jnm.snmjournals.
org), PET ventilation imaging demonstrated a more homo-
geneous distribution and a lower (better) score for uneven-
ness in each patient; the mean score for unevenness was 1.1
for PET, compared with 3.7 for SPECT (P , 0.01). Focal
deposition in the peripheral airways was lower on the PET
study in 2 patients, and no peripheral clumping was seen for
either modality in the remaining patients (mean score, 0.4
vs. 2.7; P 5 0.08). In patients with obstructive airway dis-
ease, central airway deposition was observed in both groups
(mean score, 1.4 vs. 2.0; P 5 0.18). PET perfusion imaging
demonstrated a more homogeneous distribution than
SPECT in 8 patients, with normal perfusion seen on both
modalities in the remaining 2 patients (mean score, 0.4 vs.
2.7; P , 0.001). Image quality was difficult to fully define
with any qualitative or quantitative parameter. Figures 2–4
present comparative images.
Three patients demonstrated normal ventilation and

perfusion on both SPECT/CT and PET/CT. In 5 patients,
matched and unmatched segmental or subsegmental defects

were observed with a similar frequency and distribution
between the 2 modalities. In the remaining 2 patients,
SPECT/CT and PET/CT images were discordant. One of
these patients (patient 10) had unmatched defects evident
on SPECT/CT that were not visualized on PET/CT, and the
other (patient 9) had severe chronic obstructive airway
disease with images deemed nondiagnostic on SPECT/CT.
Supplemental Table 2 summarizes the comparison between
conventional V/Q imaging and PET/CT. Nonsegmental
defects attributable to postradiotherapy changes or to con-
solidation or atelectasis were similar in number and
distribution.

On the basis of conventional V/Q imaging, the diagnosis
was acute PE in 2 patients and no PE in 7 patients, and the
results for 1 patient were nondiagnostic (Table 2). The PET/
CT diagnosis was concordant in 8 patients and discordant in
2. One case of discordance was a patient with a nondiag-
nostic SPECT/CT study that was interpreted as demonstrat-
ing no evidence of PE on PET/CT (patient 9). This patient
had chronic obstructive airway disease and clumping of
radiotracer in the proximal airways, with poor peripheral

TABLE 1
Summary of Patient Characteristics

Patient

no.

Age

(y)

Symptoms

of DVT

PE most or
equally likely

diagnosis HR . 100

Immobilization

($3 d) or
surgery

in previous 4 wk

Prior PE

or DVT Hemoptysis Malignancy

Prior
radiotherapy

to chest

1 61 N N Y N N N Y Y

2 24 N Y Y N N N Y Y
3 55 N N Y N N N Y N

4 41 N N N N N N Y N

5 62 Y Y Y Y Y N N N
6 68 N N Y Y N N Y N

7 57 N N N N N N Y N

8 26 N N Y N N N Y Y

9 70 N Y N N N N Y Y
10 54 Y Y Y Y N N Y N

DVT 5 deep venous thrombosis; HR 5 heart rate.

FIGURE 1. Box plot comparing qualitative image scores. Score

ranges from 0 to 10, with 0 representing none or normal.
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distribution, such that the SPECT interpretation in the con-
text of a blinded reading was deemed nondiagnostic. The
clinical report, however, raised the possibility of chronic
PE. This case highlights the potential for interobserver dis-
agreement in patients with low-quality images. PET/CT
also demonstrated central clumping but better peripheral
visualization, enabling more confident interpretation (Fig.
2). On the basis of the original clinical report, the patient
was given anticoagulation therapy. A repeated V/Q study 3
wk after anticoagulation demonstrated no change in appear-
ance, supporting the diagnosis of airway disease and the
validity of the PET/CT findings.
The other case of discordance was a patient in whom PE

was demonstrated on SPECT/CT but not on PET/CT, which
was performed 34 h later after initiation of anticoagulation
(patient 10). On review, subtle smaller unmatched perfusion

defects concordant with the prior SPECT/CT study were
evident but were insufficient to allow prospective identifi-
cation. Clot lysis or migration may account for the findings.
This patient received anticoagulation therapy, and a repeated
V/Q SPECT/CT study 4 mo later had normal findings,
supporting the diagnosis of PE. Follow-up was available for
all remaining patients, and the diagnosis was concordant
with both the conventional V/Q finding and the PET/CT
findings.

DISCUSSION

The diagnosis and management of PE remains a clinical
challenge despite advances in technology. V/Q imaging and
CTPA are widely used as primary diagnostic methods.
Studies report high accuracies, with sensitivity and specif-
icity greater than 90%–95% (15), but results vary widely
between studies (16) and are confounded by the lack of an
accurate gold standard and consequent verification bias.
Moreover, there is significant interobserver disagreement
as demonstrated by only moderate agreement, with a k of

FIGURE 2. Representative coronal slice of patient 9, with severe
chronic obstructive airway disease. (A) SPECT ventilation image

was deemed nondiagnostic because of marked clumping and poor

peripheral distribution of radiotracer. (B) PET image also demon-

strates clumping, but peripheral distribution is more homogeneous,
with corresponding matched changes on perfusion imaging enab-

ling exclusion of PE with higher confidence. (C and D) Fused PET/

CT (C) and low-dose CT (D) demonstrate no evidence of consolida-
tion.

FIGURE 3. Coronal (left) and sagittal (right) SPECT (A), PET (B),

and PET/CT (C) perfusion images of patient 5, demonstrating multi-

ple segmental unmatched perfusion defects with near-normal ven-
tilation (not shown). Diagnosis of PE was confirmed on follow-up.

PET perfusion study was performed 8 d after SPECT study,

accounting for resolution of some perfusion abnormalities.
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0.47 for 3-mm-collimation CTPA (17). Many practitioners
fail to realize the limitations of imaging tests, leading to
both overdiagnosis and a delay in treatment, particularly
when there is discordance between clinical pretest likeli-
hood and the imaging result. Indeed, among a cohort of 322
patients with a varying pretest likelihood of PE, Ranji et al.
demonstrated a 25% false-positive rate for CTPA even
under optimistic assumptions of accuracy (18). Accord-
ingly, there is a need for newer imaging modalities with
higher accuracy and reproducibility.

PET/CT offers an opportunity to further improve manage-
ment of patients with suspected PE (19). V/Q imaging allows
assessment of the functional consequences of PE, whereas
CTPA enables visualization of the embolus itself. Thus, both
modalities provide complementary information, and at times
both are needed to reach a confident diagnosis. Even in
centers that have adopted CTPA as a first-line imaging
modality, many patients undergo V/Q imaging. In the Pro-
spective Investigation of Pulmonary Embolism Diagnosis
II study, 50% of eligible patients could not undergo CTPA
because of renal dysfunction, critical illness, or contrast
allergy. Furthermore, 6% of studies were of insufficient
quality for conclusive reporting, and 1% had complica-
tions. By contrast, V/Q imaging has no absolute contra-
indications and anaphylaxis has not been reported.

The radiotracers used in this study, Galligas and 68Ga-
MAA, are similar to their 99mTc analogs, for which there
are several decades of experience. 68Ga is an ideal radio-
tracer for clinical use, with on-site generator-based produc-
tion, short half-life, and positron emission. The concept of
positron lung imaging, however, is not new, with 68Ga-
labeled albumin perfusion imaging demonstrated in a
canine model in 1975–1979 (20,21). 68Ga-MAA PET, anal-
ogous to 99mTc-MAA scintigraphy, is accomplished by
microembolization of radiolabeled particles within pulmo-
nary arterioles, accurately defining regional lung perfusion
(22). Regional assessment of ventilation with PET has been
performed with 13N-nitrogen gas washout (23), but applica-
tion beyond the research setting is impractical. More
recently, substitution of 99mTc by 68Ga has been successfully
demonstrated as a viable radioaerosol for PET (11,24), enab-
ling combined PET V/Q imaging (25). Galligas, analogous
to Technegas, is an aerosol comprising extremely small
radiolabeled solid graphite particles that are deposited in
the alveolar space, enabling ventilation imaging (26,27). In
a piglet study (that included a control group) of induced
lobar obstruction and methacholine-induced diffuse airway
obstruction, Galligas demonstrated more detailed assessment
of ventilation than did Technegas (24).

The results of this study suggest that V/Q PET/CT may
be a suitable alternative to conventional V/Q imaging,
given image quality that is equal or superior, as was
expected in view of the superior imaging resolution and
radiotracer counting sensitivity of PET, compared with
SPECT technology. Although improved accuracy and
reproducibility ought to result from V/Q PET/CT, confirm-
ing studies will be needed. A higher specificity is advanta-
geous, but a greater sensitivity has the potential to detect
small PEs that may be of lower or no clinical significance
(28). This study was limited by inclusion of only 10
patients in a population that may not be representative of
clinical practice in a noncancer center. Accordingly, larger
studies will be needed to determine appropriate thresholds
for anticoagulation.

68Ga has a short half-life that enables more flexible imag-
ing protocols, such as performing ventilation imaging after

FIGURE 4. Coronal and sagittal SPECT perfusion (A), PET perfu-
sion (B), and axial PET/CT (C) images in patient with non–small cell

lung carcinoma. Right upper lobe shows large unmatched perfusion

defect (normal ventilation not shown). On its own, this may be inter-
preted as consistent with PE, but correlative CT demonstrates

extensive mediastinal lymphadenopathy with extrinsic compression

of right upper lobe pulmonary artery, a more likely explanation for

findings than PE. Contrast-enhanced CT confirmed findings.
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the perfusion study. Accordingly, if the results of the per-
fusion study are normal, a ventilation study would not be
necessary, improving the patient journey, decreasing radia-
tion exposure, and allowing a rapid diagnosis. The ventila-
tion scan could still be performed on the same day by
allowing a few hours for decay, without compromising
diagnostic quality by spillover of activity from the prior
study. On a current-generation PET/CT scanner with an
extended field of view, it will be possible to complete the
perfusion or ventilation component of the study in 3–
6 min, compared with 15–20 min for a SPECT study.
The effective radiation dose of approximately 3–5 mSv
is similar between the modalities: 2 mSv for a SPECT or
PET acquisition (11) plus an additional 1–3 mSv for the
low-dose CT component.
The ability to noninvasively quantify pulmonary blood

flow and alveolar ventilation with V/Q PET/CT has the
potential to improve our understanding of pulmonary
physiology in a wide spectrum of diseases (29). This tech-
nique has potential application in the presurgical evaluation
of patients undergoing lung volume reduction surgery (30),
in the assessment of pulmonary reserve in lung cancer
patients before radiotherapy or surgery, and in the advance-
ment of understanding about airway diseases such as
chronic obstructive pulmonary disease, asthma, and inter-
stitial pulmonary disease (9,31). Further trials to assess
regional changes brought about by interventions or treat-
ment, or merely to examine the natural history of a variety
of pulmonary diseases, would be of interest.

CONCLUSION

We demonstrated that V/Q PET/CT with 68Ga-labeled
radiotracers is feasible and can be incorporated into clinical

practice. This technique is attractive in the context of the
recent shortages in the supply of 99mTc. Compared with
conventional V/Q imaging, the advantages of 68Ga-labeled
V/Q PET/CT include superior image quality and faster
acquisition. These may improve the outcomes of patients
with suspected PE through more accurate diagnosis. In
centers with access to PET/CT, rapid adoption of this
new technology may be possible without an increase in cost,
compared with conventional scintigraphy. The short half-
life of 68Ga also enables more flexible acquisition protocols
with the option of performing ventilation studies selectively
in patients with abnormal perfusion or proceeding directly
to CTPA to further validate suggestive abnormalities. Fur-
ther study is needed to assess whether V/Q PET/CT can
improve diagnostic algorithms for patients with suspected
PE.
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3. Jögi J, Jonson B, Ekberg M, Bajc M. Ventilation-perfusion SPECT with 99mTc-

DTPA versus Technegas: a head-to-head study in obstructive and nonobstructive

disease. J Nucl Med. 2010;51:735–741.

4. Roach PJ, Bailey DL, Harris BE. Enhancing lung scintigraphy with single-pho-

ton emission computed tomography. Semin Nucl Med. 2008;38:441–449.

5. Bajc M, Bitzen U, Olsson B, Perez de Sa V, Palmer J, Jonson B. Lung ventila-

tion/perfusion SPECT in the artificially embolized pig. J Nucl Med. 2002;

43:640–647.

6. Gutte H, Mortensen J, Jensen CV, et al. Comparison of V/Q SPECT and planar

V/Q lung scintigraphy in diagnosing acute pulmonary embolism. Nucl Med

Commun. 2010;31:82–86.

7. Roach PJ, Bailey DL, Schembri GP, Thomas PA. Transition from planar to

SPECT V/Q scintigraphy: rationale, practicalities, and challenges. Semin Nucl

Med. 2010;40:397–407.

8. Leblanc M, Leveillee F, Turcotte E. Prospective evaluation of the negative pre-

dictive value of V/Q SPECT using 99mTc-Technegas. Nucl Med Commun.

2007;28:667–672.

9. Roach PJ, Gradinscak DJ, Schembri GP, Bailey EA, Willowson KP, Bailey DL.

SPECT/CT in V/Q scanning. Semin Nucl Med. 2010;40:455–466.

10. Gutte H, Mortensen J, Jensen CV, et al. Detection of pulmonary embolism

with combined ventilation-perfusion SPECT and low-dose CT: head-to-head

comparison with multidetector CT angiography. J Nucl Med. 2009;50:1987–

1992.

11. Kotzerke J, Andreeff M, Wunderlich G. PET aerosol lung scintigraphy using

Galligas. Eur J Nucl Med Mol Imaging. 2010;37:175–177.

12. Zhernosekov KP, Filosofov DV, Baum RP, et al. Processing of generator-pro-

duced 68Ga for medical application. J Nucl Med. 2007;48:1741–1748.

13. Wells PS, Anderson DR, Rodger M, et al. Derivation of a simple clinical model

to categorize patients probability of pulmonary embolism: increasing the models

utility with the SimpliRED D-dimer. Thromb Haemost. 2000;83:416–420.

14. Bajc M, Neilly JB, Miniati M, Schuemichen C, Meignan M, Jonson B. EANM

guidelines for ventilation/perfusion scintigraphy: Part 1. Pulmonary imaging

with ventilation/perfusion single photon emission tomography. Eur J Nucl

Med Mol Imaging. 2009;36:1356–1370.

15. Stein PD, Beemath A, Kayali F, Skaf E, Sanchez J, Olson RE. Multidetector

computed tomography for the diagnosis of coronary artery disease: a systematic

review. Am J Med. 2006;119:203–216.

16. Roy PM, Colombet I, Durieux P, Chatellier G, Sors H, Meyer G. Systematic

review and meta-analysis of strategies for the diagnosis of suspected pulmonary

embolism. BMJ. 2005;331:259.

17. Chartrand-Lefebvre C, Howarth N, Lucidarme O, et al. Contrast-enhanced hel-

ical CT for pulmonary embolism detection: inter- and intraobserver agreement

among radiologists with variable experience. AJR. 1999;172:107–112.

18. Ranji SR, Shojania KG, Trowbridge RL, Auerbach AD. Impact of reliance on

CT pulmonary angiography on diagnosis of pulmonary embolism: a Bayesian

analysis. J Hosp Med. 2006;1:81–87.

19. Harris RS, Schuster DP. Visualizing lung function with positron emission tomog-

raphy. J Appl Physiol. 2007;102:448–458.

20. Chesler DA, Hales C, Hnatowich DJ, Hoop B. Three-dimensional reconstruction

of lung perfusion image with positron detection. J Nucl Med. 1975;16:80–82.

21. Wagner SJ, Welch MJ. Gallium-68 labeling of albumin and albumin micro-

spheres. J Nucl Med. 1979;20:428-433.

22. Heck LL, Duley JW Jr. Statistical considerations in lung imaging with 99mTc

albumin particles. Radiology. 1974;113:675–679.

23. Vidal Melo MF, Layfield D, Harris RS, et al. Quantification of regional ventila-

tion-perfusion ratios with PET. J Nucl Med. 2003;44:1982–1991.

24. Borges JB, Velikyan I, Langstrom B, et al. Ventilation distribution studies com-

paring Technegas and “Gallgas” using 68GaCl3 as the label. J Nucl Med.

2011;52:206–209.

25. Kotzerke J, Andreeff M, Wunderlich G, Wiggermann P, Zophel K. Nuklearme-

dizin. 2010;49:203–208.

26. Strong JC, Agnew JE. The particle size distribution of Technegas and its influ-

ence on regional lung deposition. Nucl Med Commun. 1989;10:425–430.

27. Senden TJ, Moock KH, Gerald JF, et al. The physical and chemical nature of

Technegas. J Nucl Med. 1997;38:1327–1333.

28. Wells PS. Pulmonary embolism: a clinician’s perspective. Semin Nucl Med.

2008;38:404–411.

29. Schuster DP. The evaluation of lung function with PET. Semin Nucl Med.

1998;28:341–351.

30. Takenaka D, Ohno Y, Koyama H, et al. Co-registered perfusion SPECT/CT:

utility for prediction of improved postoperative outcome in lung volume reduc-

tion surgery candidates. Eur J Radiol. 2010;74:465–472.

31. King GG, Harris B, Mahadev S. V/Q SPECT: utility for investigation of pulmo-

nary physiology. Semin Nucl Med. 2010;40:467–473.

PET/CT V/Q IMAGING WITH 68GA • Hofman et al. 1519


