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Comprehensive Ventilation/Perfusion SPECT

John Palmer, Ulrika Bitzén, Bjérn Jonson, and Marika Bajc

Departments of Radiation Physics and Clinical Physiology, Lund University Hospital, Lund, Sweden

Lung scintigraphy is the primary tool for diagnostics of pulmo-
nary embolism. A perfusion study is often complemented by a
ventilation study. Intermediate probability scans are frequent.
Our goal was to develop a fast method for tomographic venti-
lation and perfusion scintigraphy to improve the diagnostic
value of lung scintigraphy. Methods: SPECT was performed
with a dual-head gamma camera. Acquisition parameters were
determined using a thorax phantom. Ventilation tomography
after inhalation of 30 MBq 2°mTc-diethylenetriaminepentaace-
tate (DTPA) aerosol was, without patient movement, followed by
perfusion tomography after an intravenous injection of 100 MBq
99mTc-labeled macroaggregated albumin (MAA). Total SPECT
acquisition time was 20 min. *mTc-DTPA clearance, calculated
from initial and final SPECT projections, was used for correction
of the ventilation projection set before iterative reconstruction of
ventilation and perfusion. The ventilation background was sub-
tracted from the perfusion tomograms. A normalized ventilation/
perfusion quotient (V/P quotient) image set was calculated. The
method was evaluated on a trial group of 15 patients. Results:
Ventilation and perfusion images had adequate quality and
showed ventilation/perfusion (V/Q quotient) relationships more
clearly than did planar images. Frontal and sagittal slices were
superior to planar scintigraphy for characterization of embolized
areas. The V/Q quotient was supportive, particularly in the pa-
tients with chronic obstructive pulmonary disease. Conclusion:
Fast, high-quality, ventilation/perfusion SPECT with standard
isotopes doses is feasible and may contribute to higher objec-
tivity in evaluating lung embolism as well as other lung diseases.
The costs for the procedure and patient care until diagnosis are
low because of the comprehensive system for the study and,
particularly, the short time for its completion.
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8). Although SPECT has been advocated previously for
lung scintigraphy (9), it is commonly performed using pla-
nar technique. Ventilation is often performed as an adjunct
to perfusion only if the perfusion scan so indicates. Such an
approach appears to be superficially advantageous. Time
gained by avoiding ventilation studies in some patients may
be offset by time lost in decision making and prolonged
patient handling. If ventilation is performed much later than
perfusion, the quality of the study as a whole will suffer.
Further degradation of mismatch evaluation is introduced
by repositioning the patient for the ventilation study. Work
by Corbus et al. (8) suggests that SPECT can improve
specificity and significantly decrease the number of inter-
mediate probability results. Magnussen et &0)(found that

the mediobasal segment of the right lung was much better
visualized with SPECT than with planar scintigraphy. The
lung bases are a common site for lung emboli. Although
spiral CT may have a high sensitivity and specificity for
central embolism (11,12), it has limitations for peripheral
embolus locations (7). Our objective was to develop a
low-cost, efficient clinical method for high-quality ventila-
tion and perfusion tomography. Thus, 2 SPECT studies with
identical orbits, ventilation and perfusion, were performed
in succession with the patient immobile. We describe a new
way of presenting the data as a ventilation/perfusion quo-
tient (V/P quotient). To fulfill the clinical demands for
efficiency, the whole procedure should be completed within
30 min. Further studies would be needed to conclusively
determine whether the method improves the diagnostic
power of lung scintigraphy.

MATERIALS AND METHODS

SPECT Acquisition Parameters
A large field-of-view, dual-head gamma camera was used

IgDST-XIi; SMV, Buc, France). The prerequisite was that the entire

mortality in untreated patientd, Early diagnosis is essen_study be completed within 30 min using a patient dose similar to
Y P ' y diag that of planar scintigraphy. Under these conditions, immobilization

tial to decrease mO”a"tYZ(?)- Beca_use of its nonln_vaswed_uring the 2 consecutive SPECT scans will be well tolerated by the
character, pulmonary scintigraphy is a preferred diagnosfigsient, Acquisition parameters were evaluated using an in-house—
method, if available (4). In principle, the diagnosis of lun@onstructed Perspex thorax phantom, with heart and spine inserts.
embolism is based on perfusion defects. A ventilation scafe lungs were simulated by damp cork of density 0.3 §/cfo

is useful to distinguish between perfusion defects of diffeproduce a fairly homogeneous lung substitute, the cork was
ent nature. Intermediate probability scans are frequent (sprayed with a solution oP™c before filling the phantom. Cy-
lindric plastic inserts, filled with inactive cork and of dimensions

2 %X 5.5and 3x 7.5 cm (diameteKk length), were used to simulate
emboli. A low-energy, high-resolution collimator and a low-en-
ergy, all-purpose collimator, matrix 64 64 and 128x 128, and

4 different total count numbers were tested in the combinations

leonary embolism is a common condition with a hig
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TABLE 1 where the different acquisition times for ventilation and perfusion
Basic Acquisition Configurations Evaluated are accounted for by the subtraction of a fractidgT, of C, from
Using Thorax Phantom C,. Clearance is not considered in this expression.
The relationship for error propagation for the noncorrelated
64 X 64 matrix 128 X 128 matrix quantitiesC, and Cp is:

(128 projections/360°) (256 projections/360°)

Counts  Locations  Counts Locations 5 aQ\? 2 aQ\? 2
Collimator X 106 seen x 108 seen o (Q) = (fv o%(C) + aC, a4(Cy). Eq. 2
All purpose ;g 12 3_2 E Insertion of the partial derivatives of Equation 1 with respect to

56 19 6.0 17 C, andC,, into Equation 2, and also using the property of Poisson
108 19 120 19 statistics thatr?(C) = C, and finally dividing byQ? to obtain the
relative variance yields:

High resolution 0.7 7 — —
1.3 12 15 13 , ,
2.6 18 2.9 15 0%Q) (CYC)+GC, Eq. 3
49 18 5.5 23 @ (G- TG 9

—_— . o Because the limiting conditions are the total time available and
Total acquired counts and resulting perceptibility in terms of  {he tota| dose to the patient, we wish to examine Equation 3 in such
nymber of emboli Iocat!ons seen for different colllmatorg a.nd matrix a form that (T + T,) and R, are fixed (R is by definition the
sizes. Level up to which additional counts resulted in improved . - . . . .
L - . counting rate in the perfusion study, at which time the patient has
perceptibility are indicated in boldface type. . o . o .
received both the ventilation and the perfusion activity). Using
Cov = CJC, = (RTY/(RT,) = Ry Tp and extracting the factor
shown in Table 1. The pixel size was 6.8 mm in 664 matrix Y/([(Tv = TIRy) yields after some rearrangement:
and 3.4 mm in a 128< 128 matrix. The slices recorded in the ) -
128 X 128 matrix were added 2 by 2 to create slices of thickness (ZQ) = ! X (Tov + 1>(R’l’-1r”2" * 1
similar to that obtained with the smaller matrix. An experienced Q Ty + TR, 1-RJ)
reader of scintigrams judged from all slices in how many locations
the “emboli” were observed.

Eq. 4

The second major factor now contains the only variable quan-
tities. It was mapped numerically to show a shallow minimum in

Disposition of Acquisition Times and Activities the region ofT,, = 0.5+ 0.2 andR,, = 4 * 1 (variance increase

In the patient studies, ventilation was studied before perfusi®¥o at= tolerance). This leads to the rule of thumb that while using
because (a) this facilitates determination of the lung clearance@ste third of the totally available scan time, the counting rate at
9T c-diethylenetriaminepentaacetate (DTPA) and (b) the highegrfusion should be 4 times that of the ventilation counting rate. It
activity, necessary for the second part of the study, gives a0 follows that the tolerances for these values are fairly wide.
improved delineation of perfusion defects that is required for .
diagnosis of lung embolism. With total scanning time and tot&fatient Protocol o
administered activity limited to fixed values, the disposition of 1€ finally adopted protocol conforms to the guideline given
acquisition times and activities for the 2 scans should be chos&PVe: and also, with respect to counting rates and radiopharma-
with care. A guideline can be obtained from an expression for tifguticals, to that of the Society of Nuclear Mediciris). On the
estimated statistical error of the calculated V/P quotient, as fd12Sis of this and the result of the phantom studies, the following
lows. The derivation assumes Poisson statistics and, thus, is stri¢@nfiguration was used for patient studies: low-energy, all-purpose

valid only if the V/P quotient is to be calculated from projectiorfllimator; a 64 64 matrix z?om'ed to a pixel size of 6.8 mm,
images rather that from reconstructed data. However, contrary¥§h 128 projections over 360°. Sixty-four steps of duration 10 s

filtered backprojection, the maximum-likelihood expectation may@nd 5 s were used for ventilation and perfusion studies, respec-

imization algorithm (from which ordered-subsets expectation maflYely- An overview of the entire procedure is given in Figure 1.
he proposed activity for ventilation scintigraphy was 30 MBq

imization [OSEM] was developed for computational efficiencyz

mimics Poisson statistics in the sense that the noise image reserml ¢ TPA (TechneScan DTPA; Mallinckrodt Medical BV, Pet

bles the image itself, although the relationship between image afé> Holland) and for perfusion was 100 MBYTc-labeled mac
noise is much more complicated than the Poissona (i = \/n roaggregatgd albgmln (TechneScan LyoMAA; Mallinckrodt Med-
(13,14). However, the conclusions obtained below are valid evi&f! BV)- Using this protocol the number of counts expected in the

if the dependence on Poisson statistics is relaxed to proportionalf§ntilation and perfusion study would be>2 10° in 12 min and
rather than equality betweer(n) and~/n. 47x 1Cf in 6 min, respectively, so that the counting rate at

Symbols used in the equations are as folloWsacquisition perfusion is 4 times that of ventilation. The supine patient inhaled

time used for studyC, countsR, counting rate; an®, ventilation/ the aerosol from a pressurized air-driven nebulizer as described

perfusion quotient. Each of the symb@lsC, andR are subscripted (16). Inha]ation was terminatgd yvhen a collimated Geiger-Mdiller
by v for the ventilation study, by for the perfusion study, or by {Ube monitor over the chest indicated that 30 MBETc-DTPA

pvfor a quotient:T,, = T/T,. The symbolsC, andR, include the had been deposited in the lungs. The patient was then transferred
remains of the ventilation study as backgr:)und. immediately to the SPECT table and asked to be still in a com-

Q is given by the expression: fortable supine position. At the completion of ventilation acquisi-
tion, the perfusion marker was injected immediately without mov-
Q = C,/(C, — T,\C)), Eqg. 1 ing the patient. The perfusion acquisition was then performed.
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VENTILATION PERFUSION the reconstruction process. The resulting multislice set was nor-
malized to contain the same number of voxel counts as the pixel
counts contained in the projection set within the applied slice
range.

30 MBq
9mTc-DTPA

100 MBq
PnTe-MAA Postreconstruction Processing

SPET Focal deposition of aerosol may result in local counts several
times that of the surrounding lung tissue. Therefore, it is essential
to remove hot spots before relying on thresholding methods that
are defined in relation to a maximum pixel count. Hot spots were
removed in 2 contexts: first in the copy of the planar projections
used for the clearance calculation and second, 3-dimensionally, in
the reconstructed ventilation slice set. The algorithm, in part sim-
ilar to that of Holst et al. (17), worked with 3 images: the original
image (Original), a highly smoothed image (Lowpass), and a map
of isolated hot spots (Hotspotmap). The latter was constructed after
statistical considerations using Original and Lowpass. At comple-
tion, the map hot spots have central counts of unity and trail to zero
at the edges. The required hot spot—removed image was obtained
— as OriginalX (1 — Hotspotmap)+ 0.9 X LowpassX Hotspot-
map. At the location of a hot spot it reduces to X9d.owpass—
that is, a slightly reduced highly smoothed image. At other loca-
_| Lung delineation Ii tions, extraneous to hot spots, Hotspotmap0 and the value
reduces to Original. The expression thus provides for a seamless
transition from the original image to adjusted areas at hot spot
Normalization between locations (Fig. 2).

Vand P To account for the remains of aerosol in the perfusion study, the
multislice ventilation set was counted down, using the clearance
half-life, to the time of the beginning of the perfusion SPECT
acquisition and subtracted from the reconstructed multislice per-
fusion set. Because the background counting rate associated with
ventilation is only 20%-30% of the total, the error incurred by

9oTc.DTPA
clearance correction

Iterative reconstruction
of V and P tomograms

Hot spot removal

Subtraction of V background
in P tomograms

V/P neglecting the change in ventilation background during the short
FIGURE 1. Procedure overview. SPET = single photon emis-  time of perfusion SPECT was ignored. ]
sion tomography; MAA = macroaggregated albumin. After reconstruction, the multislice sets were filtered before

calculation of the V/P quotient—that is, ventilation/(perfusion
k X ventilation), where k accounts for clearance and differences of
acquisition times. We used a 3-dimensional, low-pass Butterworth

Raw Data Processing and SPECT Reconstruction . . .
Before reconstruction, the ventilation projections were analyzi'&ter with an order of 5 and a cutoff of 0.6 Nyquist. The overall

to obtain an estimate of lung clearance and to use that estimat u[refg volume for which ventilation/perfusion was calculated was

correct the projections for clearance. The first acquired frontal aﬁgc'gggetg ?go/thifvtﬂgﬁe'sn :’2:32 zg‘;;}\ﬁqmgg??hg pjrrfl;sslgr:)f
dorsal projections were added to obtain an initial image, as we 0 P ' purp

. - : ! . rfeﬁative normalization of ventilation to perfusion, the common
the last closely similar projections to obtain a final image. |

%Iume in which both ventilation and perfusion exceeded 50% of

present, focal aerosol deposition, *hot §gots,” Weageghep remové]eir respective maximum was considered to be representative of
from these images with an automatic procedure described below. P P

The lungs were displayed and the lung contour was drawn mgjprmal function. Normalization was set so that the average voxel
ually, at a threshold of 25% of the maximum within the individuaYalue in this volume would be equal for ventilation and perfusion.
lung. This procedure facilitated a consistent definition of the lung
fields, which in most cases could have been automated. Because of
occasional problems with extrapulmonary uptake, and the neec A B
avoid the left heart chamber region, we decided to define tl

contours manually. The pulmonary half-time f8¥Tc-DTPA was /

then calculated from the time difference between the 2 first anc

last projections (11.8 min) and the counts in the initial and fin: !

lung fields. The clearance correction was implemented to prodc ¥

2 corrected projection sets: 1 assuming constant clearance ar

allowing variable clearance in the apicobasal direction. The latt

was obtained by calculating the clearance on a pixel-by-pixel ba:
and using the axial component as obtained from multiple liNeRIGURE 2. Hot spot removal. (A) Transverse slice shows cen-
regressions. Transverse slices were reconstructed using OSEM deposition of aerosol. (B) Transverse slice after automatic
with 8 subsets and 2 iterations. No filtering was applied as part labt spot removal.
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Patient Selection and Image Interpretation 3-5x 10° counts. The highest performance was obtained in
The study embraces a trial group of 15 clinical patients referred 128 x 128 matrix with the high-resolution collimator.
for lung scintigraphy. They were consecutive in the sense thaigyyever, the sensitivity of this collimator is half that of the

tomographic study was performed whenever the tomographic Cag"-purpose collimator, requiring twice the amount of acqui-

era was available at the time when a patient was referred to us. . .
P sftlon time for the same number of counts. With the all-

Accordingly, patient selection was not specific for the purpose 0 . .
the study. The reasons for referral were to check the early effectif’POSe collimator, the 128 128 matrix did not offer any

therapy in 3 patients with known lung embolism; for surgery in fidvantage. Accordingly, the all-purpose collimator and the
patient with lung cancer; and clinical symptoms in 11 patients §4 X 64 matrix were used for the patient studies. In the
whom lung embolism was suspected. The final diagnosis, as pp&tient studies, the ventilation and perfusion yielded+.8
sented in Table 2, was established by clinicians when the patiéhd and 3.8= 0.7 million counts, respectively. This was
left the hospital. within the a priori range estimated to provide optimal im-
An experienced physician who was unaware of clinical inforaging considering restrictions in dose and acquisition time.
mation reviewed, in 2 separate sessions, all planar and SPE: e visual quality of the images was judged adequate for

images. In each session the order of the patients was randomized. . : - :
Ventilation and perfusion defects were graded according to reviszc(-;ﬁ gnostic purposes (Figs. 3-5). The images for all 15

Prospective Investigation of Pulmonary Embolism Diagnosis ch—atlentS were scrutinized for signs of misalignment, but no

teria. A segmental reduction or a subsegmental total deficien%VCh CASE Was e_ncountered. The med'an estimated half-time
was attributed 1 point; a segmental total deficiency was attributf@f *°"Tc-DTPA in the lungs was 49 min (range, 27-140

2 points. In the review of the SPECT images, slices were coRin). The counts obtained during the short time of acqui-
densed to 13.6-mm thickness, and the reviewer first describedgition allowed the half-time to be determined with an accu-
changes found in sagittal, transverse, and frontal slices of ventifacy of about 10%. For the patient studied with the shortest
tion (V) and perfusion (P). The number of points reflecting falf-time, the reduction in counts during the 11.8 min of
perfusion defect—that is, mismatch implying thatR- V—were  acquisition resulted in a correction of 35% for the final pair

noted. The opposite—that is, reversed mismaich—was also [ jmages. In terms of relative variation within recon-

Cprded' Then, in the_ same patient, the Vi quotient slices Welktucted ventilation images, the effect of correction was in
displayed together with the V and P slices. As an adjunct to V an ; - - L -
e range=7%. It was impossible to visually distinguish

P slices, a rotating 3-dimensional display offered synchronizé 4
viewing of V, P, and the V/P quotient. The number of mismatcR€tween corrected and noncorrected reconstructed images.

points and reversed mismatch points was reestimated and the \/#lanar imaging showed 12 mismatch points, classified as
quotient, if judged to supply additional information, was classifie@mbolism, in 1 patient (patient 8) and 2 mismatch points,
as supportive or important for the evaluation (Table 2). classified as suspected embolism, in 1 patient (patient 11)
(Table 2). Ventilation and perfusion tomography showed 12
RESULTS mismatch points in both of these patients. Figure 3 illus-
Table 1 shows that the number of counts needed to redcites planar and tomographic images of patient 11. One
a high sensitivity in the detection of defects is in the rangedditional patient (patient 2) showed 4 mismatch points on

TABLE 2
Patient Symptom or Diagnosis and Scintigraphic Findings
Planar Tomography v/p
Patient quotient Comment to
no. Symptom or diagnosis mmp r-mmp mmp r-mmp (mmp) tomography
1 Cancer (pulmonary), COPD, BS 0 8 0 8 S COPD
2 Lung embolism, LE 0 3 4 0 1(7) LE
3 COPD, SE 0 5 0 9 S COPD
4 Recurrent pneumonia, SE 0 0 0 0 N
5 Myocardial infarction, incompensation, SE 0 3 0 6 | Incomp COPD
6 Hemoptysis, SE 0 3 0 2 S Incomp
7 Angina, dyspnea, SE 0 0 0 0 N
8 Lung embolism, LE 12 0 12 0 S (14) LE
9 Angina, SE 0 0 0 0 N
10 Wegener’s granulomatosis, SE 0 0 0 1 Incomp
11 Lung embolism, LE 2 0 12 0 S LE
12 Angina, SE 0 0 0 0 S N
13 Angina, fever, SE 0 2 0 4 S Incomp
14 Tachycardia, dyspnea, SE 0 3 0 2 S Incomp?
15 Dyspnea, SE 0 0 0 0 N

mmp = mismatch points; r-mmp = reversal-mismatch points; COPD = chronic obstructive pulmonary disease; BS = before surgery;
S = supportive; LE = known embolism; | = important; SE = suspected embolism; N = normal; Incomp = heart incompensation.
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A a distribution pattern suggesting left heart failure (Fig. 5),
Ventilation which could be perceived in only 2 patients on planar
o studies. The V/P quotient was supportive in 8 patients and
‘ ; ? & 3 E & important for diagnosis in 3. In 4 patients, a normal distri-
a 3 _ bution of activity was observed with both modalities (Table
o ' 2). For interpretation, the sagittal and frontal slices, the V/P
Perfusion quotient, and the 3-dimensional rendering of the quotient
' ‘ ‘ . ‘ “ .‘ were found to be the most informative.
i X
Anterior Posterior RPO LPO A
B Ventilation
Ventilation ‘ ‘ sg “
‘ ‘ ‘ ‘ ‘ l ‘ ‘ ‘ ‘ Perfusion
Perfusion J/ ” ’ ‘ ' ‘ “ '
4 4 ' ' Anterior Posterior RPO LPO
V/P quotient g b
a7 I ‘ - 4 of
k (; ‘ ( : Jd B
‘ h * J Ventilation
! ! 4 ’ ’
C : ‘ L ‘ . \ & ‘
Ventilation
P”“ ‘ " r z Ant Perfusion
vy Y N
Perfusi
erfusion N / '
® & B M B
\ T V/P quotient
a
V/P quotient v . a_, .
- B | 1% 8% 3% \
e - ~ :
f c
FIGURE 3. Patient 11. (A) Planar images. Basal perfusion Ventilation
defect in right lung is well delineated. RPO = right posterior Post "o - - Ant
oblique; LPO = left posterior oblique. (B) Tomograms. Large - - &= .
basal perfusion defect is clearly visible on frontal slices from
anterior to posterior even without display of V/P quotient. A )
smaller basal defect is also seen in left lung. Detection of small Perfusion
perfusion defects is enhanced by V/P quotient (a, b). (C) Sagittal g ’ s
slices of right lung, from lateral to medial. These clarify location & -
of small mismatches (a, b) on V/P quotient images. Post = $
posterior; Ant = anterior. .
V/P quotient a
4 »
SRR S
tomography; diagnosis was not made from the planar ir - .
b

ages because of chronic obstructive pulmonary disee

(COPD) (Fig. 4). VIP quotient presentation increased thGURE 4. Patient 2. (A) Planar images. Ventilation: central
number of mismatch points in 2 of these patients (patientsi2position of aerosol. Perfusion appears to match ventilation.
and 8). It was revealed retrospectively that all 3 of theg#O = right posterior oblique; LPO = left posterior oblique. (B)

patients were referred for follow-up of known embolis
24-48 h after thrombolytic therapy. The reversal mi

mTomograms. Perfusion defects are visible on frontal slices but
fact that these are mismatches is apparent only from V/P quo-
Sient (a, b). (C) Sagittal slices clarify location and extension of

matches were also more unambiguously described on tofgsmatches (a, b) on V/P quotient images. Post = posterior;
graphic images. Tomographic images of 5 patients showeat = anterior.
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A archiving. More detailed images with a high-resolution col-
limator and 128x128 matrix would take about twice the
. . ' acquisition time or twice as large a dose. The longer acqui-
‘ ‘ ' ' 3’ ‘ ‘ sition is judged too costly and too uncomfortable for the
’ L patient. Patient movements might then jeopardize the en-
Perfusion hancement in quality. We consider that a higher dose would

» not be justified ethically by an increased image quality of
. ‘ ' ‘ " .‘ doubtful clinical significance. The use $fTc-DTPA aere
LPO

Ventilation

sol allows determination of alveolocapillary clearance as an
indicator of alveolar inflammatory diseasksj. It also has
implications for SPECT imaging. The effect of correcting

Anterior Posterior RPO

valaﬂm ventilation projections for clearance before reconstruction
p / was measurable but not dramatic. Typically, clearance over

Post 39 ~ \ ‘ ’ Ant the ventilation acquisition time span will cause a counting
rate change of 10%—40%. We consider correction appro-
Perfusion priate because clearance of this magnitude led to measur-
. -, 5/ ’ ’ able effects in reconstruction. A further aspect is that clear-

: : ance might be inhomogeneous. It is within the capability of

V/P quotient the method to correct for differential clearance in the tomo-
C\ a -.ch 3\ m graphic axial direction (base to apex of the lungs) but not in

the transverse direction. An extension of the clearance cor-
rection to include an apex-to-base gradient gave only small
FIGURE 5. Patient 10. (A) Planar images. Inhomogeneous ©effects and was judged not to have merit in this material.
distribution of activity on ventilation and perfusion images. Patient immobilization is critical for accurate calculation of
RPO = right posterior oblique; LPO = left posterior oblique. (B)  ratio images. However, artifacts caused by patient motion
o g Sicos o bl o s sgon o s e DEueen vertaton and perfusion ae usualy readly den-
anterigr region (arrows), typic:;alp for heartgincompZnsation. tlﬂ_able‘ Image relocation proc_edures_were not applied in
Post = posterior; Ant = anterior. this study but could be considered in a fully developed
application of the method. Attenuation is not an issue in the
V/P quotient because the effects were similar in the 2
DISCUSSION immediately succeeding SPECT studies of the same patient.
Methodologic development has led to a feasible clinic§uotient images appear to have an obvious application in
routine for ventilation/perfusion tomography. Using a duabssessment of image mismatch but have not been commonly
head gamma camera and a protocol based on a total acgqgied in lung scintigraphy. SPECT quotient images, and
sition time of 20 min, the overall gamma-camera time is 3@umeric indices, of the alveolar gaseous exchange/perfusion
min for ventilation and perfusion tomography. Examinatiomatch in SPECT were obtained by Sando et H9) (using
in the supine position is comfortable for patients and coft™Kr and %°"Tc-MAA simultaneously, with appropriate
venient for the staff. Some elderly and critically ill patientgross-talk correction. The technique yields scientifically in-
can be studied only in the supine position. The administeregtesting results but, because of cost and availability, is
activity for ventilation and perfusion is in line with theprobably not suitable for routine scintigraphy. A drawback
recommendation proposed by the Society of Nuclear Me$-the limited spatial resolution because of the need to use a
icine (15) and was not changed from that of our routineedium-energy collimator. Holst et allq) obtained inputs
planar method. It might be hypothesized that a high-resfor neural networks from planar quotient images by an
lution collimator and 128< 128 matrix should be superiorautomatic procedure but did not use the quotient images as
to our choice of an all-purpose collimator and &4 64 a primary visual aid. The networks performed well, giving
matrix. However, the limitations imposed by patient dose receiver operating characteristic curve area of 0.79 in a
and patient acquisition time imply that the total countgest group. Itis conceivable to extend the method to SPECT
using the all-purpose collimator, are in the range 1.5-2.5 images, although the data reduction necessary for network
10 for the ventilation study and in the range 3x51C° for  input may defy the purpose of SPECT, which is to increase
the perfusion study. If the high-resolution collimator hathe information content of the study. Networks need large
been used, these values would be approximately halvedtr#ining databases and these are not currently available for
can be seen from Table 1 that, at these lower count levdlsng SPECT.
there is no advantage in the use of a high-resolution colli- Among patients referred to us for lung scintigraphy,
mator or of 128 128 matrix slices. In addition, the storagebstructive and other lung diseases, heart failure, and cancer
space required is 8-fold over that for 6464 matrix slices, are together more prevalent than embolism. Although small,
which would also considerably complicate processing amdir group of 15 patients appears representative. Tomo-
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