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Abstract— We use receiver operating characteristic (ROC) anal-
ysis of a location-known-exactly (LKE) lesion detection task to
compare the image quality of SPECT reconstruction with and
without various combinations of attenuation correction (AC),
scatter correction (SC) and resolution compensation (RC). Hybrid
images were generated from Tc-99m labelled NeoTect clinical
backgrounds into which Monte Carlo simulated solitary pul-
monary nodule (SPN) lung lesions were added, then reconstructed
using several strategies. Results from a human-observer study
show that attenuation correction degrades SPN detection, while
resolution correction improves SPN detection, even when the lesion
location is known. This agrees with the results of a previous
localization-response operating characteristic (LROC) study using
the same images, indicating that location uncertainty is not the
sole source of the changes in detection accuracy.

Index Terms— SPECT, lung imaging, attenuation correction,
lesion detection, ROC and LROC analysis

I. INTRODUCTION

SEVERAL studies have suggested that using attenuation
correction (AC) in PET reconstruction may reduce lesion

contrast in some situations, and thus may hurt observer perfor-
mance on lesion-detection tasks [1]–[4]. We have previously
seen that attenuation correction reduces the performance of
model and human observers performing a lesion search task—
detecting a solitary pulmonary nodule (SPN) lung lesion in
SPECT images—as measured by area under the localization-
response operating characteristic (LROC) curve [5], [6]. This
raises the question whether the attenuation correction interferes
with the observer’s ability to search the image by distracting
attention to a non-lesion region, or is simply making the lesion
less visible. Analysis using a model observer suggested the later
[5].

In this paper we assess the impact of attenuation, reso-
lution, and scatter corrections on lesion detection in SPECT
reconstruction by having human observers perform a location-
known-exactly (LKE) lesion detection task. Receiver operating
characteristic (ROC) curves are used to compare image quality
with and without attenuation correction. Area under the curve
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TABLE I
RECONSTRUCTION ALGORITHMS UNDER EVALUATION

code algorithm description
FBP filtered back projection, Butterworth postfilter
NC RBI, no corrections, 0.46cm postfilter
RC RBI, resolution correction, 0.46cm postfilter

ACh RBI, attenuation correction, 3.38cm postfilter
ACl RBI, attenuation correction, 0.46cm postfilter

ASC RBI, attenuation + scatter correction, 0.46cm postfilter
AllC all three corrections, 0.46cm postfilter

(AUC) is used as the figure of merit. We compare the human
observer results with a model observer and with our earlier
human-observer LROC study [6].

II. METHODS

A. Data generation and image reconstruction

99mTc-labeled NeoTect R© is a SPECT agent used to detect
solitary pulmonary nodules [7]. Nine clinical NeoTect scans
form the basis of this study. Lesion-absent images were formed
by taking clinical data, adding noise using a parametric boot-
strap, and then reconstructing as usual. Lesion-present images
were created the same way, but with the addition of Monte
Carlo simulated projections of 1-cm diameter spheres to the
clinical background. The simulation does not account for at-
tenuation by the lesion. This hybrid approach produces images
with clinically realistic backgrounds, but with the certainty
about lesion presence and location found in simulated images.

Seven reconstruction algorithms were tested. Table I sum-
marizes the different reconstruction algorithms and gives the
codes used to identify them in the figures. One was filtered
back projection (FBP) with no corrections and a fifth-order
3-D Butterworth (0.20 pixel cutoff) post-reconstruction filter.
The other six strategies used the Rescaled-Block-Iterative (RBI)
algorithm with various corrections to compensate for degrada-
tion due to attenuation, scatter, and depth dependent resolution
[5], [8], [9]. All iterative algorithms included Gaussian filtering
after reconstruction. Figure 1 shows an example data set
reconstructed using three of the iterative strategies, illustrating
the potential for the lung lesion to merge with the mediastinum
when attenuation correction is employed.

2006 IEEE Nuclear Science Symposium Conference Record M14-285

1-4244-0561-0/06/$20.00 ©2006 IEEE. 3229



NC ACl RC
Fig. 1. Anecdotal reconstructions of one data set using three strategies. Note the lesion to the upper left of the spine is less visible in the attenuation-corrected
(middle) image.

B. Observer study

Transverse slices at different levels were extracted from
the 3-D reconstructions to produce the images used in the
observer study. To predict human performance, a channelized
nonprewhitening (CNPW) model observer [10] performed the
lesion-detection task. Area under the ROC curve was computed
using LABMRMC software from the University of Chicago.

Human performance on the lesion-detection task was mea-
sured by having three scientists in our medical physics group
read each image. A cross hair superimposed on the image
indicated the potential lesion location, eliminating search from
the observer’s task and making this an LKE detection task.
The observers began by reading training sets of 108 images for
each of the algorithms, receiving feedback on lesion presence
after each image. After reading an image, the observer indicated
how confident he was that a lesion is present at the indicated
location. After completing training, each observer read two
study sets of images per algorithm. A study set began with
54 retraining images, for which feedback was again provided,
followed by 108 study images with no feedback. Half of the
images contained one lesion, the other half no lesion. Areas
under the ROC curves for each observer and algorithm were
computed using LABMRMC. Observers read the sets in a
random order.

A previously reported study had human observers (three
nuclear-medicine physicians and two scientists in our medical
physics group) perform a lesion search task with the same
image sets [6]. Areas under the LROC curves were computed
using Swensson’s algorithm [11].

III. RESULTS AND DISCUSSION

As part of the earlier LROC study we computed local
contrast-recovery (CR) ratios for each of the algorithms [6].
These results are reproduced in figure 2. The CR for the
attenuation-correction strategies is the same as, or larger, than
that for strategies which do not include attenuation correction.
The highest CR ratio, indicating the most quantitatively ac-
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Fig. 2. Contrast recovery ratios for each algorithm. The center lines indicate
error bars.

curate reconstruction, is produced by incorporating using all
corrections into the reconstruction algorithm.

Figure 3 compares model-observer predictions of area under
the ROC curve with the results of our LKE human-observer
study for six of the reconstruction algorithms. The CNPW
model observer predicted that attenuation correction would
degrade lesion detection performance even when search is
removed from the task. The human-observer results confirm
this prediction. This shows that attenuation correction does not
merely distract attention to other parts of the image, but actually
makes the lesion harder to detect even when one knows its exact
location.

The CNPW observer does not do a good job of predicting
human performance reading images produced by FBP. This is
not surprising, as a non-prewhitening model observer cannot
compensate for the noise correlations introduced by FBP.
Spearman’s rank-correlation coefficient rs = 0.37 when FBP is
included. It rises to rs = 0.9 when FBP is excluded. Because
of the small number of points, neither is significant at the 0.05
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Fig. 3. Predicted area under the LKE ROC curve computed using the CNPW
model plotted versus actual human observer performance on the LKE task.
Dotted lines indicate error bars. Note general trend agreement between model
and human observers, except for FBP which the model found more difficult.
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Fig. 4. Human observer area under the LROC curve vs. area under the LKE
ROC curve. Note the axis have different scales. Dotted lines indicate error bars.

level.
Figure 4 compares human observers performing the LKE

lesion detection task (ROC) with humans performing a lesion
search task (LROC) on the same images. The attenuation-
correction strategies are clustered together, showing inferior
performance for both the LKE and LROC search tasks. Resolu-
tion correction (RC) was the best reconstruction algorithm for
both the search and LKE lesion-detection tasks. The Spearman
rank-correlation coefficient between the LROC area and the
LKE ROC area is rs = 0.86 (p < 0.01).

As expected, the area under the ROC curves is much higher
than the area under the corresponding LROC curves. ROC
gurus suggest that when comparing reconstruction algorithms,
the average AUC should be in the ballpark of 0.87 for maximum
power. We have found getting performance in this region on
an LKE task requires lowering the lesion contrast to levels far
below what would be seen in clinical practice. A search task
is more difficult, so an average AUC near the sweet spot can
be achieved with clinically realistic lesion contrasts.

Much of the measured decrease in observer performance
due to attenuation correction may be due to not modeling
lesion attenuation in our simulation, or to using the parametric
bootstrap to add noise to the clinical background. For more
details see our other paper in these proceedings [12].

IV. CONCLUSION

Although attenuation correction improves quantitative esti-
mates of lesion uptake, for example the contrast-recovery ratio,
attenuation correction does not necessarily improve observer
performance on lesion search and detection tasks. In the case
of SPN lung lesions, we have found that attenuation correction
may reduce performance. We first saw decreased performance
on lesion search tasks, and in this study showed a similar effect
for LKE-detection tasks. This suggests that, for the hybrid data
set studied here, attenuation correction hindered search tasks by
making the lesion less visible, not by distracting the observer’s
attention to another part of the image.

REFERENCES

[1] R. L. Wahl, “To AC or not to AC: That is the question,” J. Nucl. Med.,
vol. 40, no. 12, pp. 2025–8, Dec. 1999.

[2] J. Nuyts, S. Stroobants, P. Dupont, S. Vleugels, P. Flamen, and L. Mortel-
mans, “Reducing loss of image quality because of the attenuation artifact
in uncorrected PET whole-body images,” J. Nucl. Med., vol. 43, no. 8,
pp. 1054–62, Aug. 2002.

[3] C. Bai, P. E. Kinahan, D. Brasse, C. Comtat, D. W. Townsend, C. C.
Meltzer, V. Villemagne, M. Charron, and M. Defrise, “An analytic study
of the effects of attenuation on tumor detection in whole-body PET
oncology imaging.” J. Nucl. Med., vol. 44, no. 11, pp. 1855–61, Nov.
2003.

[4] C. Tocharoenchai, B. M. W. Tsui, E. C. Frey, and W.-T. Wang, “Effect
of attenuation correction on lesion detection using a hybrid PET system.”
J. Med. Assoc. Thai., vol. 88, no. 1, pp. 96–102, Jan. 2005.

[5] H. C. Gifford, X. M. Zheng, G. Boening, P. P. Bruyant, and M. A.
King, “An investigation of iterative reconstruction strategies for lung
lesion detection in SPECT,” in 2004 IEEE Nuclear Science Symposium
Conference Record, Oct. 2004, pp. 4241–5.

[6] H. C. Gifford, X. M. Zheng, R. Licho, P. B. Schneider, P. H. Simkin,
and M. A. King, “LROC assessment of SPECT reconstruction strategies
for detection of solitary pulmonary nodules,” J. Nucl. Med., vol. 46, no.
Supplement 2, p. 461P, May 2005.

3231



[7] J. E. Blum, H. Handmaker, and N. A. Rinne, “The utility of a
somatostatin-type receptor binding peptide radiopharmaceutical (P829)
in the evaluation of solitary pulmonary nodules,” Chest, vol. 115, no. 1,
pp. 224–32, Jan. 1999.

[8] C. L. Byrne, “Accelerating the EMML algorithm and related iterative
algorithms by rescaled block-iterative methods,” IEEE Trans. Image
Process., vol. 7, no. 1, pp. 100–9, Jan. 1998.

[9] M. A. King, S. J. Glick, P. H. Pretorius, R. G. Wells, H. C. Gifford, M. V.
Narayanan, and T. Farncombe, “Attenuation, scatter, and spatial resolution
compensation in SPECT,” in Emission tomography: The fundamentals of
PET and SPECT, M. N. Wernick and J. N. Aarsvold, Eds. San Diego,
CA: Elsevier Academic Press, 2004, pp. 473–98.

[10] H. C. Gifford, P. H. Pretorius, and M. A. King, “Comparison of human-
and model-observer LROC studies,” in Medical Imaging 2003: Image
Perception, Observer Performance, and Technology Assessment, ser. Proc.
SPIE, D. P. Chakraborty and E. A. Krupinski, Eds., vol. 5034, 2003, pp.
112–122.

[11] R. G. Swensson, “Unified measurement of observer performance in
detecting and localizing target objects on images.” Med. Phys., vol. 23,
no. 10, pp. 1709–25, Oct. 1996.

[12] H. C. Gifford, X. M. Zheng, R. Licho, P. H. Pretorius, P. B. Schneider,
P. H. Simkin, and M. A. King, “Factors influencing lesion detection
in SPECT lung images,” in 2006 IEEE Nuclear Science Symposium
Conference Record, Nov. 2006, paper M11-263.

3232


