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A lack of specificity for myocardial perfusion imaging has been
widely reported, mostly related to false-positive defects on the
inferior wall. The application of depth-dependent resolution recov-
ery (RR), attenuation correction (AC) using external source devices,
and scatter correction has been proposed to resolve this pitfall.
Methods: We studied the clinical benefit of depth-dependent RR,
nonuniform AC using a scanning line source, and scatter correc-
tion (photon energy recovery [PER]) compared with filtered back-
projection alone. Eighty-two patients were included: 40 healthy
volunteers with a low likelihood of coronary artery disease (control
group) and 42 patients with proven right or circumflex coronary
artery disease but without involvement of the left anterior descend-
ing artery. Among these 82 patients, the images of 33 were also
processed with PER. Results: RR did not alter the performance of
filtered backprojection alone. AC + RR greatly improved specificity
and the rate of normal 29'TI SPECT findings in the control popula-
tion (from 56% to 95% and from 53% to 100%, respectively) but
significantly decreased sensitivity (from 92% to 54%). AC + RR
generated a false anteroapical defect in 21% of patients and
reverse redistribution of the apex in 23%. AC + RR significantly
decreased the extent of the stress defect (from 4.09 to 3.21 seg-
ments, P < 0.003) and increased the perfusion score of the stress
defect (from 0.78 = 0.72 to 1.47 += 1.11, P < 0.00061). Moreover,
AC + RR generated overcorrection on the inferior wall, leading to
false estimation of viability for 11 of 15 patients with an old inferior
myocardial scar without evidence of residual viability. PER de-
creased overcorrection on the inferior wall, but without improving
sensitivity. PER did not significantly reduce the number of an-
teroapical false-positives or the number of apical reverse distribu-
tion cases. Conclusion: AC + RR improved the specificity and
normalcy rate of 20'TI SPECT myocardial perfusion imaging but
generated overcorrection on the inferior wall, leading to low sen-
sitivity and to false evaluation of myocardial viability in 73% of the
patients with inferior infarction. AC + RR also generated anteroapi-
cal artifacts. The addition of scatter correction did not significantly
reduce these drawbacks.
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One of the most frequently used techniques for nonin-
vasive myocardial perfusion imaging (MPI) is SPECT. Al-
though MPI has been shown accurate in the diagnosis of
coronary artery disease (CAD), a lack of specificity has
been widely reported, mostly related to false-positive de-
fects on the inferior wallX). This phenomenon is created by

a loss in depth-dependent resolution and by attenuation of
the signal. Therefore, depth-dependent resolution recovery
(RR) software programs have been proposed to improve
filtered backprojection (FBP) reconstruction of SPECT im-
ages. For attenuation correction (AC), the most conceptu-
ally interesting procedure should be based on evaluation of
an attenuation mapwfmap) using an external source for
acquisition of transmission images, this procedure being
often performed for PET studie®)( The impact of these
procedures on the final scintigraphic reports is expected to
be major. First, enhancement of specificity for detecting
CAD related to the inferior wall (and therefore involving the
right coronary artery [RC] or circumflex coronary artery
[CX]), without a decrease in sensitivity, is expected. Second,
we expect these corrections to avoid the generation of
anterior or apical artifacts in patients free from disease of
the left anterior descending coronary artery (LAD). Third,
the impact of these methods on the measurement of proven
prognostic factors (i.e., the size and depth of the tracer
defect) has to be evaluate8-6). For this purpose, patients
with proven previous Q-wave inferior myocardial infarc-
tion, a coronary artery with an infarct-related chronic oc-
clusion, and a thin and bright akinetic inferior wall on
2-dimensional echocardiography offer a convenient model
for evaluating the alteration of these measurements within
the area at risk.

The goal of this study was to determine the clinical
impact of the simultaneous use of nonuniform AC with a
scanning line source and of depth-dependent RR. First, we
evaluated the effect of depth-dependent RR when added to
simple FBP. Then, we compared an ACRR combination
with an FBP + RR combination in 2 groups of subjects.
One was a control group with a low likelihood of CAD, and
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the other was a population with proven RC or Cx diseage20% window centered on 70 keV. Among the 82 subjects, the
but no LAD disease. Selected patients with old inferigtata of 33 (7 in group A and 26 in group B) were also corrected for
myocardial infarction fulfilling the inclusion criteria werePhoton scattering using a method of spectral deconvolution (PER)

also included. A third goal was the evaluation of the add¥ith & windows of energy (50-55, 55-60, 6065, 65-69, 6974,

tional benefit of scatter correction (photon energy recovefd 7481 keV)&. o
. . For transmission images, 2 external shuttered scanning line
[PER]) in a subset of the global population.

sources (11 GBé&P3Gd) were used. These sources were collimated
with lead shielding to produce a planar beam that yields transmis-
MATERIALS AND METHODS sion CT images. The shield door was closed during the emission
Study Population acquisition to avoid downscatter of transmission-source photons

Two groups of subjects were selected between January 19;@5) the emission dat®). These images were used to calculate the
and December 1999. Group A (control group= 40) included p-map after normalization to a reference scan and logarithmic
healthy volunteers with a low likelihood of CAD (no history ofMVersion.

CAD, 0 or 1 risk factor, and negative findings on electrocardioq:rocessing of Clinical Data

raphy stress testing) or with absence of significant lesions on A software processing was performed with Vision, version 5.0
coronary angiography. Group B1(= 42) included patients re- (gmy |nternational). TheIT| emission data were first corrected
ferred for detection of myocardial ischemia. To be included ifpr the depth-dependent resolution of the collimator with an in-
group B, patients had to have chronic RC or Cx disease (sterosigerted-filter method (deconvolution) using a roll-off boost point of
70%) without significant involvement of the LAD (Stenosis 1 4 (10,11). These corrected emission data were then used as input
50%), as shown by coronary angiography performed within 3 Mgy reconstruction processing with a modified Chang iterative
before the SPECT study. Also included were patients with pre"é1gorithm (7 iterations) incorporating themap (12,13. For the

ous old (>3 mo) inferior infarction if they presented with Q-waves hgroup of scatter-corrected acquisitions<(33), the correction
infarction, an occluded infarct-related artery without collatergzsed on PER was applied to the raw projections before-ARR
blood flow on coronary angiography, and a thin@ mm) and (g For patients with previous myocardial infarction, tracer uptake

bright akinetic inferior wall on 2-dimensional echocardiographyynq defect size were analyzed using bull's-eye polar mags (
We excluded patients with unstable angina; CAD involving the left

main, left anterior, or diagonal coronary artery; previous anteri§cintigraphic Interpretation of Clinical Data
myocardial infarction; or previous inferior myocardial infarction SPECT data obtained from the CAD and control groups were
that did not fulfill the inclusion criteria. Also excluded weremixed and read by 2 independent trained observers. The observers
patients with unsatisfactory acquisitions and patients unwilling twere unaware of the group to which the subject belonged and,
participate in the study. Informed consent was obtained from ealterefore, of the angiographic results. Perfusion was evaluated
patient, and the ethics committee of our institution approved thing a 13-region cardiac segmentation (Fig. 1). The perfusion
protocol. score was calculated by summing the perfusion scores of the 13
In group B, 34 patients (81%) had 1-vessel disease (25 patieaggments (0 for no uptake to 3 for normal perfusion) and dividing
with RC disease and 9 with Cx disease), and the remainingbg the number of involved segments. This score reflected the
patients (19%) had RC and Cx disease. Fifteen patients had infe-
rior infarction without evidence of myocardial viability.

Acquisition of Clinical Data

For all the studies, quality control was performed by examina- 3 4 2
tion of the rotating projections and sinograms. Acquisitions that
were inadequate because of undesirable subject motion were|re- 8 1
jected ( = 3). 1

SPECT was performed 10 min and 4 h after injection of the
tracer at peak exercise. The stress test consisted of exercise oh an 5
ergonomic bicycle for subjects who could reach at least 85% of the
age-predicted maximal heart rate € 49). For the other subjects 6 7
(n = 31), we used a combined test comprising a standard infusipn
of 0.80 mg/kg dipyridamole, for a maximal dose of 70 mg over 9 12
min, and a Bruce exercise protocol using a steady bicy@lelvo
subjects could not exercise and a dipyridamole test alone was uged.
After injection of 111-150 MB@°Tl-chloride, imaging was per s 1"
formed using a 90° double-head camera (DST; SMV International,
Buc, France) equipped with low-energy, high-resolution parallgl-
hole collimators. All tests were performed after withdrawal of 9 12
antianginal treatment. The subjects were supine, and the heart yvas
in the center of the orbit of the rotating camera. The acquisitign
parameters were as follows: no acquisition zoom, 32 projections 10 7
over a 180° orbit, and a 6% 64 matrix in 16-bit mode. For each
projection, 50 s of emission data were first acquired, followed fy
12 s of transmission data. Energy windowing was performed with FIGURE 1. Myocardial segmentation in 13 segments.
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TABLE 1 PER + AC + RR) were computed for the lateral and inferior

Stress Studies walls, and the number of anterior or apical artifacts was reported.
Finding Group A Group B P Statistical Analysis
n 40 42 Statistical calculations were pe.rformed uging Prophet, version
Age (y) 51 + 15 59+ 11 004 5.0 (BBN Systems and Technologies, Cambrldg_e, MA). Data were
Ergonomic bicycle alone 29 20 expressed as meah SD. The extent and severity of the defects
Dipyridamole alone 1 1 were compared using a paired 2-sample Wilcoxon signed rank test
Combined stress studies 10 21 (2-tailed) or a Friedman test, as required. The numbers of segments
Clinically positive 0 6 0.013 with normal or abnormal uptake were compared qualitatively with
Electrically positive 1 12 0.002 ax?test.P < 0.05 was considered significant.
Electrically equivocal 4 0
Peak work load (W) 139 = 67 107 = 42 0.036
Peak heart rate (% RESULTS
maximum) 88 14 74 £ 15 0.0002

The results of the stress studies and®f| SPECT for
the 82 patients are presented in Tables 1 and 2. For detecting

severity of the defects. The extent of a defect was expressed asFt‘)T% or _C_X _dlsease, the uncorregtgq reconstruction (FBP) had
number of abnormal segments. For patients with previous my8-S€nsitivity of 92% and a specificity of 56%. The normalcy
cardial infarction, a bull's-eye polar map was generated. Tracedte for FBP was 53%. All patients with an area of scarring
uptake within the infarct area was computed as the ratio of tfiedm a previous myocardial infarction had a rest#igr|
average total counts per pixel within the abnormal area to thgptake of<60% in that area.

average total counts per pixel within a reference area drawn on theWhen compared with FBP alone, the addition of RR to
anterior wall. The percentage of uptake was compared withFBP did not significantly change the sensitivity, specificity,
threshold value of 60%, which is usually used in our laboratory tgy accuracy of MPI or the number of created artifacts. The
define myocardial viability 15). extent and severity of defects were not altered. Because

The data corrected with the various techniques—standard i, o\ qtic performances were unchanged, we therefore
construction (FBP using a Hanning filter, 0.34 cycles per centime-

ter) with no other correctiom(= 82), standard reconstruction aftercombmed A.C aT‘d RR for th_e processing of chmcal_data.

correction with RR (FBPF RR,n = 82), AC + RR (n = 82), and The combination AC+ RR improved tracer uptake in the

PER+ AC + RR (n = 33)—were interpreted in random order, inferior wall of subjects free of CAD but decreased the
number of abnormal SPECT findings in patients with RC or

Final Diagnosis of CAD | o _ Cx disease. When AC was added to RR, no inferior defect
After SPECT interpretation, the final diagnosis was based on tWas found in group A whereas 21 group B patients had an
angiographic results. Stenosis was considered significant if

t — .
diameter of the coronary artery was narrowed=by0%. Hypo- QBnormal SPECT finding. By comparison, when FBP was

fixation of the lateral wall was considered to be related to C%%Sed' 19 inferior defects were found in group A and 36

involvement, and inferior wall abnormalities were considered to pere found in_ group BR < 0'(?01)' Th(()arefore, the
related to RC or Cx involvement, according to the coronary afiormalcy rate increased from 53% to 100% when AC

giography data. Sensitivity, specificity, accuracy, and normaldyR was used. Conversely, r_10rma| inf_erior uptake was
(defined as the rate of norm®FTI SPECT findings in the control found in 40 of 40 group A subjects and in 18 of 42 group
population) of all datasets (FBP, FBP RR, AC + RR, and B patients when AC+ RR was used, compared with 21

TABLE 2
Detection of Inferior or Circumflex Involvement
PER + AC + RR AC + RR FBP + RR FBP

Finding (n = 33) (n = 82) (n =82 (n =82
Sensitivity (%) 67 54 97 92
Specificity (%) 75 95 50 56
Accuracy (%) 69 76 73 73
Normalcy rate (%) 75 100 53 53
Anteroapical false-positive defect (n,%) 13 (39%) 17 (21%) 1 (1%) 1 (1%)
Apical reverse redistribution (n,%) 7 (21%) 19 (23%) 0 (0%) 0 (0%)
Extent of stress defect (segments) 3.60 = 2.14 3.21 = 2.40* 4.06 = 1.58 4.09 = 1.57
Extent of rest defect (segments) 2.44 + 1,92+ 223 217" 2.65 + 1.66 3.26 + 1.69
Perfusion score in stress defect 1.41 = 0.93*t 1.47 £ 1.11* 0.55 = 0.82 0.78 + 0.72
Perfusion score in rest defect 1.71 £1.02* 1.62 + 0.99* 1.27 = 1.06 1.38 + 0.87

*P < 0.05 compared with FBP.
TP < 0.05 compared with AC + RR.
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TABLE 3
Tracer Uptake in Patients with Inferior
Myocardial Infarction

PER + AC
Finding + RR AC + RR FBP
Extent of infarcted
area (%) 104 =71 7.8+71* 134 =45
Perfusion score in
infarcted area (%) 59.4 = 19.51 72.3 = 16.6* 52.6 = 6.0

*P < 0.05 compared with FBP.
P < 0.05 compared with AC + RR.

icant involvement of the LAD. Specifically, 17 anteroapical
defects and 19 reverse-redistribution changes in the apical
area (defects appearing only at rest when the LAD was free
of disease as required by inclusion criteria) were observed
with AC + RR.

Additional scatter correction was applied in 33 subjects
(7 in group A and 26 in group B, including 7 with inferior
myocardial infarction). Sensitivity and specificity were 67%
and 75%, respectively, for AG RR + PER. Although the
addition of PER did not dramatically alter sensitivity when
compared with AC+ RR, the extent of the defect and the
perfusion scores tended to be restored to the values obtained

with FBP (P = 0.01 for stress defect perfusion score; Table
2). Compared with AC+ RR, adding PER reduced the
number of patients with previous inferior myocardial infarc-

1 T
proved specificity from 56% to 95% but drama’ticall)}Ion and apparerft"Tl uptake> 60% from 11 of 15 (73%)

decreased sensitivity from 92% to 54% (Table 2). The streté)s2 of 7 (29_%)._F|gure 3 shows the Improvement in inferior
defect extent obtained with FBP decreased from 4tpg OVercorrection !nduced by PER, and Figure 4 displays the
1.57 to 3.21* 2.40 segments(= 0.003) and the perfusion associated bull's-eye polar maps.
score during stress increased from 078.72 to 1.47=+
1.11 A = 88%:;P = 0.00006) when AGH RR was used. PISCUSSION
This trend was particularly noticeable in selected patientsInferior artifacts caused by the attenuation pfrays
who had previous myocardial infarction € 15), in whom created by soft tissue are known to impair the accuracy of
AC + RR decreased the extent of the defect from 134% SPECT (6,17. Besides uniform correction of attenuation
4.5% of the bull's-eye surface to 7.8%7.1% @ = 0.003) that does not take into account the heterogeneity of tissue
and increased the estimation of tracer uptake from 52:6%density (3,18, transmission techniques for evaluating the
6% to 72.3%+ 16.6% P = 0.001; Table 3). In 11 (73%) thoracicp-map seem promisingl®@—2§. To evaluate such
of these 15 patients without evidence of residugiogar- correction methods, most of the previous investigations
dial viability, the algorithm increased this uptake to #nrolled a general population of patients with multivessel
level that could lead to a false-positive diagnosis dEAD, without exclusively controlling for RC and Cx in-
myocardial viability on the basis o®TI SPECT data volvement 7,2§. Because both the generation of unex-
(Fig. 2). pected anterior artifacts and a decrease in sensitivity should
Furthermore, AC+ RR induced false-positive scans inbe avoided, we deliberately chose to focus on inferior wall
the anterior or apical area, whereas no patients had sig@bnormalities, excluding LAD involvement but including a

and 3, respectively, for FBP. Therefore, A€ RR im-

FIGURE 2. Vertical long-axis slices from exercise study on
patient with old inferior infarction and normal LAD. Top shows
images obtained with FBP, middle shows false apical defect
created by AC + RR, and bottom shows that PER does not
significantly correct this false defect.

FIGURE 3. Short-axis slices from rest study on patient with
old inferior infarction and no evidence of residual myocardial
viability. Inferior uptake obtained with FBP (top) is excessively
enhanced by AC + RR (middle) and partially restored with PER
(bottom).
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with old documented inferior infarction without evidence of
myocardial viability.

The second important negative result is the creation of
true apical artifacts, as occurred in 21% of the subjects (Fig.
2). This result, previously reported for a phantom study
showing a significant, 15%, decrease in apical coud, (
applies to humans too. Some authors have suggested that the
generated apical defect might represent either true ischemia
or physiologic thinning of the apeX8,3J). This hypothesis
does not agree with the characteristics of our population, in
SR A which no disease of the LAD was present. Furthermore, the
analysis of our echocardiographic data showed a systolic
apical thickening, rather than any thinning, in subjects free
from anterior myocardial infarction. Previous studies sug-
gested that these artifacts were generated by a relative
overestimation of inferior and septal tracer uptake rather
than by an underestimation of anterior or apical uptake
(32,33. This overestimation could be more intense in cases
of excessive bowel activity, explaining the high occurrence
of this artifact in redistribution images.

FIGURE 4. Bull's-eye polar maps corresponding to data of Scatter correction (PER) tends to decrease the overcor-
Figure 3. rection generated by AG- RR (Fig. 3) and to restore the
size of the defect and the perfusion score obtained with
. . . AC + RR to the values obtained with FBP alone. This effect
control group. To our knowledge, with these inclusion Crhs probably related to the creation of a more accurate atten-

teria, ours is the first report on nonuniform AC using Alation ma 82,39. These corrections also contribute to a
external scanning line source f'TI SPECT instead of P %239

- decrease in the scattered photons from adjacent intact myo-
99 -
"Tc-sestamibi SPECT2Q). cardium and abdominal organs, allowing detection of

The specificity of data uncorrected for attenuation ap-. - :
slightly injured myocardium.

eared low in our study. This low specificity may be ex- . . . . . .
b y b y may Again, this effect was clear in patients with previous

lained by th thodol f th tocol. The data of | = O . o
plained by the methodology of e protoco e data }ferlor myocardial infarction. Overestimation of myocar-

both groups were mixed, identification was removed, an L . .
groups W ed | ication W v 1al viability dropped from 73% to 29% in these patients.

the interpreters were unaware of any other information. he threshold of ke th q
thallium scan was considered positive when any inferié'rlowever’ the threshold of tracer uptake that we used to

defect was found. Other parameters, such as the presencEGfMineé myocardial viability, which was concordant with
risk factors; the occurrence of chest pain; the results }SI'SUSJ analysis of the slices, was established in studies using

electrocardiography: the size, intensity, and location of ficorrected data. If further AG- RR correction proves of

defect; and anatomic properties of the subject (e.g., obesitgi‘,lue for the positive diagnosis of CAD, further studies may

were not considered. This rough interpretation is not clin€ necessary to specifically address the optimum threshold.
cally relevant for the daily diagnosis of CAD but wadiowever, although the incidence of apical reverse redistri-
necessary for a comparative evaluation of each correctiBHtion was reduced, the final diagnostic accuracy from use
method. Therefore, the low specificity we reported witRf AC + RR remained unchanged. The possibility that
FBP alone should not be considered representative of da@ijenuation and scatter correction are more accurate with
MPI capability. 9T c-MIBI than with 201TI remains controversial and has to
Use of depth-dependent RR alone in phantom studies Hgsspecifically addresse@g,34,33.
enhanced image contrast, increasing cavity-to-wall ratio by This study had several limitations. Only 33 subjects were
approximately 25% without degrading the interpretation dfrocessed with PER, and a more extensive study would
myocardium perfusion30). In our study, the accuracy of better confirm these results. Also, the transmission CT im-
MPI was not significantly altered when RR was used. Pakges were not corrected for scatter because the software did
ticularly, no overestimation of inferior tracer uptake wagot have this capability. Although this uncorrected proce-
observed. Therefore, AC seems to be responsible for tthere was previously validated) the precision of the
poor results obtained with the combination ACRR. This w-map might be decreased, leading to less reliable scatter
algorithm overcorrects inferior uptake, underdetecting paerrection. Further studies to evaluate the incremental ac-
tients with CAD and then leading to both improved speciuracy that scatter correction of the transmission images
ficity and an improved normalcy rate by way of an excegrovides could be helpful. Finally, our results were clearly
sive decrease in sensitivity. This pitfall was clear in patienteependent on our acquisition methodology and processing
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software. Particularly, other iterative algorithms for AC

might generate more accurate results.

CONCLUSION
This study showed that the combination of an AC algo-

15.

16.

perfusion single photon emission tomographyn J Physiol Imaging1987;2:
176-180.

Faraggi M, Karila-Cohen D, Brochet E, et al. Relationship between reltifig
reverse redistribution, microvascular perfusion, and functional recovery in acute
myocardial infarctionJ Nucl Med.2000;41:393-399.

Holly TA, Parker JA, Hendel RC. The prevalence of non-uniform soft tissue
attenuation in myocardial SPECT perfusion imaging and the impact of gated
SPECT [abstractld Nucl Cardiol.1997;49(suppl):S103.

rithm using an external scanning line source and deptt- Desmarais RL, Kaul S, Watson DD, Beller GA. Do false positive thallium-201
dependent RR improved the specificity of the diagnosis of

RC or Cx disease at the cost of a significant decrease in

scans lead to unnecessary catheterization? Outcome of patients with perfusion
defects on quantitative planar thallium-201 scintigraphiyAm Coll Cardiol.
1993;21:1058-1063.

sensitivity. Moreover, besides the generation of anteroapigal Ficaro EP, Fessler JA, Ackermann RJ, Rogers WL, Corbett JR, Schwaiger M.
artifacts, this combination may induce a false-positive di-
agnosis of myocardial viability in cases of previous myo- g31.

cardial infarction. The loss of sensitivity is not restored bys. Manglos SH, Bassano DA, Thomas FD. Cone-beam transmission computed

scatter correction, although overestimation of tracer uptake

Simultaneous transmission-emission thallium-201 cardiac SPECT: effect of at-
tenuation correction on myocardial tracer distributidNucl Med.1995;36:921—

tomography for nonuniform attenuation compensation of SPECT imddeéscl
Med. 1991;32:1813-1820.

in the inferior wall is partially corrected and the number 0fo. changw, Loncaric S, Huang G, Sanpitak P. Asymmetric fan transmission CT on
false anteroapical reverse redistributions is reduced. TheSPECT system®hys Med Biol 1995;40:913-928.

only positive effect of scatter correction that may have

Qa‘L

Frey EC, Tsui BM, Perry JR. Simultaneous acquisition of emission and trans-
mission data for improved thallium-201 cardiac SPECT imaging using a techne-

clinical impact is a decrease in the number of false-positive tium-99m transmission source.Nucl Med.1992;33:22382245.

diagnoses of viable myocardium. The reasons for the err@fs Tung C-H, Gullberg GT, Zeng GL, Christian PE, Datz FL, Morgan HT. Non-
in estimating true inferior counts are probably multiple, and
further work will be necessary to obtain good nonuniforrs.
AC without creation of artifacts.
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