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Abstract. The capabilities and limitations of two-(2D) Introduction
and three-dimensional (3D) fluorine-18 fluorodeoxyglu-
cose positron emission tomography (FDG-PET) in deThe existence and extent of metastatic disease in the
tecting small tumors and lymph nodes were studied in &mphatic system is a critical factor in determining the
phantom modeling the human chest and axilla. Multiplereatment for a patient with cancer. Perhaps the most
dual-radionuclide phantom studies were performed. Fiveommon noninvasive method for determining the likeli-
hollow spheres ranging in diameter from 3 mm tohood of metastatic disease in lymph nodes is the use of
15 mm were filled with carbon-11 and placed in the axil-x-ray computed tomography (CT) or magnetic resonance
lary and mediastinal regions of an anthropomorphidmaging (MRI) to detect enlarged lymph nodes, which
phantom containing hollow organs filled wit#F to sim-  are often believed to be indicative of cancer infiltration.
ulate FDG uptake 1 h after injection. Dynamic imagingUnfortunately, enlarged lymph nodes may also be caused
was performed to acquire PET images with varying tarby inflammation secondary to infection, while tumor
get-to-background ratios. Imaging was performed in 2Dcells are often present in normal-sized lymph nodes
and 3D acquisition modes, with and without attenuatiorj1-3]. Therefore, application of anatomical imaging mo-
correction, on a modern PET scanner. Lesion detectabildalities (such as CT and MRI) may present difficulties
ty was visually and quantitatively assessed. For objectwhen these modalities are utilized to differentiate infil-
larger than 9 mm in diameter, target-to-background ratrated from normal nodes. For example, Yokoi et al.
tios ranging from ~3:1 to ~10:1 were detectable. Objectfound that in the staging of mediastinal lymph nodes in
< 9 mm in diameter required a target-to-background ralung cancer patients, CT had a sensitivity of 62% and a
tio of 218:1. Target-to-background ratios required for le-specificity of 80% [4]. In the staging of lymph nodes in
sion detectability were equivalent for 2D and 3D PETthe axillae of patients with breast carcinoma, March et al.
images with and without attenuation correction. In confound that CT had a sensitivity of 50%, a specificity of
clusion, 2D and 3D PET with attenuation correction75%, a positive predictive value of 89% and a negative
consistently detected “tumorg’9 mm. Lesions < 9 mm predictive value of 20% [5]. Based primarily on the low
could be detected if there was high enough tumor upregative predictive value, they concluded that CT is not
take. No statistically significant differences in lesion de-an accurate predictor of axillary lymph node involvement
tection were found for 2D versus 3D PET, or for attenuain breast cancer. In a study by Vogel et al., the diameter
tion-corrected versus non-attenuation-corrected images.of 162 lymph nodes from 83 lung cancer patients was
measured postoperatively [6]. They showed that 35.7%
Key words:Positron emission tomography — Tumor de-of the nodes greater than 20 mm in diameter (a size that

tection — Nuclear medicine would have resulted in an interpretation as abnormal
from CT scans) did not contain cancer. In subjects with
Eur J Nucl Med (1999) 26:39-45 lung cancer McCloud et al. found that only 35.9% of me-

diastinal lymph nodes greater than 10 mm in short-axis

diameter contained metastatic disease [7]. MRI has been

demonstrated to be approximately as accurate as CT in

detecting metastatic spread to the lymphatic system. For

example, Zerhouni et al. compared CT and MRI for the
Correspondence td®.R. Raylman, Health Sciences Center South,determination of nodal infiltration in colorectal cancer
West Virginia University, Radiology/PET Box 9236, Morgantown, [8]. The results showed that, in this application, the accu-
WV 26506-9236, US,: racies of the two methods were equivalent.
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Imaging of cancer using the positron-emitting glu-ly, lost. As a result, small malignant lesions and tumor-
cose analog fluorine-18 fluorodeoxyglucose with posi-infiltrated lymph nodes may go undetected. The fraction
tron emission tomography (FDG-PET) has been demorsf true activity concentration in an object recovered in
strated in a number of studies to be very accurate, conRET images can be gauged by a parameter called the re-
pared with anatomic imaging methods, for the detectiortovery coefficient (RC). Kessler et al. examined the de-
of several types of cancer ranging from breast to lungectability of focal areas of tracer uptake with PET in
carcinomas [9-14]. While inflammatory responses inuniform background and derived an expression for the
lymph nodes can cause false-positive results [15-20RC of spherical objects [30]:
the findings from human studies indicate that the high 1 (R?
target-to-background ratio of FDG makes the detectiorRC = erf(i)—erf(i)— 1., (B)* e‘z*(a) ., (D
sensitivity and specificity of FDG-PET very good in rel- V20 V2o) ~em ‘O
atively large (>10 mm diameter) tumors and lymphwhereRis the radius of sphers,is the composite (aver-
nodes. For smaller tumors, however, much of the goodge) FWHM for the specific filter and frequency cut-off,
biological target-to-background contrast with normal tis-anderf represents the error function defined by:
sues is reduced by resolution effects. This phenomenon

affects the ability of FDG-PET to detect tumor-infiltrat- erf(x) = 2 jx et? dt (2)
ed lymph nodes, which may be small (<10 mm in diam- VX
eter). Most of the FDG-PET studies assessing PET’s ability

Several studies have reported that FDG-PET is supde detect infiltrated lymph nodes were performed using
rior to CT and MRI for the detection of tumor-infiltrated two-dimensional (2D) data acquisitions and human sub-
lymph nodes [21-24]. For example, Laubenbacher et ajects. The advent of three-dimensional (3D) data acquisi-
reported that the sensitivity of FDG-PET for detectiontion hardware and reconstruction software has signifi-
of metastatic lymph nodes is 90% and the specificity isantly increased the detection sensitivity of PET scan-
96% for patients with neck squamous cell carcinomaspers compared with the conventional 2D systems (sensi-
compared with 78% and 71%, respectively, for MRI intivity to scattered and random events is also increased).
the same patient population [21]. Additionally, in pa- Although the use of human subjects demonstrated the
tients with squamous cell carcinoma of the head anéeasibility of using PET to detect infiltrated lymph
neck, Braams et al. found FDG-PET to have a sensitivinodes, it did not allow the investigators to fully explore
ty of 91% and a specificity of 88% [22]. The smallestthe limitations of the method. For example, what is the
infiltrated lymph node detected was 4 mm in diameterminimum size and target-to-background ratio of a lymph
Crippa et al. reported an overall sensitivity, specificitynode detectable with FDG-PET? How are these limita-
and accuracy of FDG-PET in the detection of axillarytions affected by lesion and node position in the body? Is
lymph nodes in breast cancer of 84%, 85% and 84%, reattenuation correction necessary for maximum lesion de-
spectively [25]. In esophageal cancer, Luketich et al. retection? And, how effective is 3D FDG-PET in detecting
ported a sensitivity of 45%, a specificity of 100%, andsmall objects in the chest compared with 2D? These
an accuracy of 48% for FDG-PET [26]. The relatively questions must be addressed so that we may further de-
low sensitivity and accuracy were due to false-negativédine the role of FDG-PET in evaluating the extent of dis-
results for a number of small tumor-infiltrated lymph ease in cancer patients. In this investigation we explored
nodes, with a mean diameter of 5.2 mm (rangethese questions utilizing a dynamic anthropomorphic
2-10 mm). More recently, Crippa et al. reported a goodorso phantom.
overall diagnostic accuracy of 86% in the detection of
axillary metastases [27] in 27 patients with breast can-
cer. Higashi et al. found that in a small number of SUb'M
jects with mediastinal metastases from lung cancer

(n=4), FDG'_P_ET was only able to correctly_ evaluate tWOTo thoroughly study the limitations of FDG-PET in detecting can-
of four positive nodes [28]. The two missed tUMOr-¢er in the upper thorax, a series of tightly controlled experiments
involved lymph nodes were less than 10 mm in diameysing an anthropomorphic torso phantom (Data Spectrum Inc.,
ter. Chapel Hill, N.C.) were performed. The anthropomorphic torso
The ability of PET to detect small photon-emitting phantom contained cavities which, once filled with the appropri-
structures is limited by its finite resolution. The capabili- ate amounts oféF, simulated the FDG concentration in the major
ty of a PET scanner to detect small tumors or infiltratecPrgans of the upper human thorax (heart, lung and liver) of a 70-
lymph nodes is hindered by the fact that, for structure9 subject 1 h af.tgr. injection of FDG. Perhaps thg most significant
less than twice the reconstructed image resolution, th dvantage of utilizing a phantom is that a multitude of well-de-

true amount of activity is not completely recovered Thismed lesion sizes, number, and locations can be efficiently exam-
y P y : ined in a controlled fashion.

phenomenon, known as the partial volume eﬁect.[29], All data (2D and 3D) were acquired with a General Electric
reduces the apparent target-to-background ratio in thRgvance PET scanner [31, 32]. Two-dimensional and 3D scan-
reconstructed images. Thus, much of the advantage @fng sessions were performed on separate days. Images were re-
the excellent uptake achieved by FDG is, at least partiakonstructed using filtered backprojection into a 256x256 matrix

aterials and methods

European Journal of Nuclear Medicine Vol. 26, No. 1, January 1999



41

using Ramp and Hanning filters with frequency cutoff values ofand18F produced a range of target-to-background ratios (20:1 to
0.5 and 0.29 of the Nyquist frequency (0.5/mm). Scatter correc.5:1) during the course of a 2-h data acquisition sequence. These
tion was applied to all attenuation-corrected data sets. target-to-background ratios span the range of ratios reported in
human studies.
Scanner resolutiorsince the partial volume effect is intimately A dynamic sequence of 12 PET scans (each 10 min in dura-
related to the reconstructed resolution of the scanner (Eq. 1), tion) was acquired. During a majority of the imaging sequence,
was necessary to measure the resolution for the filters and cutofiie absolute radionuclide concentrations in the organs were simi-
frequencies used in the study. Capillary tubes (OD = 1.14 mm)ar to those present in human studies. One set of spheres was
were filled with18F and placed in the “mediastinum” and “left placed in the mediastinal region of the phantom, the other set was
axilla” of the phantom. Additionally, several tubes were posi- positioned in the left axillary region. To explore the effect of pho-
tioned transaxially in areas adjacent to these axially orientedon-attenuation correction on the detectability of spheres, both the
tubes. The hollow organs and spaces in the phantom were filleBD and 3D data sets were reconstructed with and without attenua-
with water; no radioactivity was present in these areas. The medion correction. Acquisition of the transmission images using a
surements were made in the anthropomorphic phantom to recr@air of rotating germanium-68 rod sources was performed imme-
ate the scatter and attenuation conditions present in the imagesately following the emission scanning sequence. A total of 300
used to assess lesion detectability. PET images were acquired faonillion true events were acquired. Following the method of Kes-
20 min, resulting in greater than 50 kcounts/image plane. Asler et al. [30] and Links et al. [34], RCs were measured by divid-
mentioned above, the images were reconstructed with Ramp aridg the maximum pixel value in each sphere by the maximum pix-
Hanning filters with cutoff values of 0.5 and 0.29 of the Nyquistel value in an adjacent background region. These calculations
frequency. The Hanning filter is a common smoothing frequencywere only performed on attenuation-corrected images.
filter often employed in clinical PET imaging. The Ramp filter is The sequences of transverse images were viewed by a radiolo-
less common in the clinical setting, but its use produces the optigist highly experienced in evaluating FDG-PET images (R.L.W.)
mal reconstructed image resolution. The frequency cutoff valueslinded to the positions of the spheres in the phantom. Image sets
are representative of the range of values commonly utilized irwere randomly shuffled so that only the latest time frames (with
clinical imaging. At our institutions a Hanning filter with a fre- the lowest target-to-background ratio) were shown first in order to
quency cutoff of 0.29 the Nyquist frequency is utilized for clini- keep the actual positions of the spheres from the viewer for as
cal imaging. Tangential and radial profiles were drawn throughiong as possible. Each image was scored using a four-point scale
the transaxial images of the mediastinal and axillary capillary(O=normal, 1=probably normal, 2=probably abnormal and 3=defi-
tubes. The full-width-at-half-maximum (FWHM) of these profiles nitely abnormal). The mid-time point of the image frame identi-
was measured and reported as the resolution of the scanner at fiead as the first where each sphere received a score of 3 (definitely
given filter and cutoff frequency. The transaxial images were reabnormal) was used to calculated the radionuclide concentrations
formatted to produce coronal views of the phantom. Profiles werén the spheres and normal areas. These data were then utilized to
then drawn through the transaxially oriented tubes and thealculate the minimum target-to-background ratio necessary for
FWHM of these curves used as a measure of axial resolution. Utdetection [TBRP(min)]. This analysis was performed on both 2D
lizing these measurements, the RC for each sphere was calculatadd 3D image sets, with and without attenuation correction and
using Eq. 1. with the four different reconstruction filter-cutoff frequency com-
binations. The TBRP(min) values for each test condition and ana-
Sphere detectabilitin order to investigate the limitations of PET tomical position were compared using a Student&st to deter-
scanner detection of objects in the upper torso, small FDG-avithine whether there were any statistically signific&®Qq.05) dif-
structures (such as malignant tumors or tumor-infiltrated lymphferences between 2D and 3D, mediastinal and axillary, and attenu-
nodes) were simulated with hollow spheres (diameters of 3, 5, %tion- and non-attenuation-corrected imaging results. Calculations
12, and 15 mm) filled with radionuclide. To explore the relation- of the partial volume effect revealed that the smallest object
ship amongst object size, target-to-background ratio, and detec{3 mm in diameter) would be visible only when the target-to-
ability, a series of dual-radionuclide experiments was performedbackground ratio was above approximately 120:1. Therefore, the
The purpose of these experiments was to effectively simulate previously described imaging and analysis procedure were repeat-
wide range of contrast ratios between lesion and backgroundd with greater target-to-background contrast ratios.heon-
(background was defined as the normal tissue immediately adjazentrations in the organs of the phantom were the same as previ-
cent to the lesions), and to determine (for each size object) theusly described, while the concentration in the spheres was in-
minimum ratio necessary for detection by PET. creased to produce ratios of 300:1 to 0.8:1 over a 4-h period.
To simulate the FDG distribution in the normal human thoraxThus, we were able to track the visibility of the lesions and esti-
1 h after administration of 370 MBq of FDG, the hollow organs of mate (for each object size) the minimum target-to-background ra-
the phantom were filled withéF; as follows: heart, 23.8 kBg/ml; tio necessary for detection.
liver, 12.7 kBag/ml; lungs, 3.7 kBg/ml; and adipose tissue,
5.3 kBg/ml (corresponding to SUVs of 4.5, 2.4, 0.6 and 1.0, re-
spectively, for a 70-kg subject). Tracer uptake in the brain waResults
simulated with a 200-mm-diameter flood phantom, containing an
18F concentration of 23.7 kBg/ml, placed 180 mm above the torsgg
phantom on the scanner bed. Bladder uptake was simulated with
beaker containing 500 ml of water and 26.4 MBq'#%. These

values have been previously measured in human subjects [33]. ble 1 sh h d lution f h bi
obtain a wide range of target-to-background ratios, the sphere aple 1 shows the measured resolution for each combi-

were filled with high concentrations &iC, which is also a posi- nation of filter and frequency cut off values tested. Fig-
tron emitter, but which has a shorter half-life th&f (20 minvs ~ ure 1 dl_SD|ayS plots of measured RCs versus RCs calcu-
110 min). The difference in radionuclide half-lives betwé&d lated using Eqg. 1.

canner resolution and recovery coefficient
fleasurements
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Table 1. Measured scanner 2D and 3D resolutions (FWHM in

=
A 2 1.00 ‘ mm) measured for all four of the filter-frequency cutoff combina-
;f:’ 2 tions utilized in 2D and 3D in the mediastinum and a-illa
S 0801 1 . .
3] Ramp Ramp Hanning Hanning
7 (0.5) (0.29) (0.5) (0.29)
2 0.60
0 O Ramp0.5 2D Mediastinum
9 o Ramp 029 Radial 5.3 6.3 6.2 8.5
O 0.40 - o° ©  Hanning 0.5
@ . .,;p 4 Hanning 0.29 Tang 4.9 6.0 6.5 8.9
¥ Ramp 0.5 Axial 4.7 54 6.5 5.9
b 4 a0 ¢ Ramp 0.29
g 0.201 e Y ® Hanning 0.5 2D axilla
4 o 4 Manning 0.29 Radial 6.6 7.7 7.8 10.0
o — Line of Identity
< 0.004 , , , : , Tang. 4.9 5.8 61 8.7
0.00 0.20 0.40 0.60 0.80 1.00 Axial 8.0 8.0 8.1 8.2
Calculated Recovery Coefficient 3D mediastinum
Radial 54 6.3 6.8 8.9
- Tang. 5.0 5.9 6.3 8.5
B S 1.004 T Axial 8.0 8.0 8.0 8.1
— L)
Q ® .
= " 3D axilla
8 0.80 =0 Radial 54 6.3 6.8 8.9
o ° Tang. 5.2 5.9 6.4 8.8
- A Axial 8.4 8.5 8.4 8.4
T 0.607 o
g o  Ramp 0.5
8 4 - ° Ram?o.29
Q 0.40 . o Hanning 0.5
& o & Hanning 0.29 images were obtained from the first frame and were ac-
B e . . :Eig; quired in 3D and reconstructed with a Hanning filter
5 0207 L e Hanning05 with a cutoff of 0.29 of the Nyquist frequency. In 2D,
@ 4 Hanning 0.29 the number of total true counts per image plane ranged
S 000 . . | Lneorienty from ~665|000 to ~117|000. In 3D, the number of total
0.00 0.20 0.40 0.60 0.80 1.00 true counts per plane ranged from ~5 million to ~1 mil-

lion.

Table 2 shows the average values of the minimum tar-
et-to-background ratio present in the phantom neces-
ary to detect each sphere [TBRP(min)] when attenua-

tion correction was applied. Table 3 displays the same
data for images where no attenuation correction was ap-
Sphere detectability plied. For each sphere, four ratios were obtained (one for
each combination of reconstruction filter and cutoff val-
Figure 2 displays representative PET images of the anie); they were combined to produce the average ratios
thropomorphic dynamic phantom. Figure 2A shows ashown in Tables 2 and 3. The values for the spheres with
transaxial view of the phantom at the level of the 12-diameters from 15 mm to 5 mm were obtained from the
mm-diameter spheres. Figure 2B shows a coronal vieirst set of images using the relatively low target-to-
of the phantom at the level of the mediastinum. Theséackground ratios; results for the 3-mm-diameter sphere

Calculated Recovery Coefficient

Fig. 1A, B. Plots of measured RCs versus calculated RCRe-
sults for the spheres positioned in the mediastinum and axill
measured using a 2D acquisiti@Results for a 3D acquisitir:n

Fig. 2. Representative PET images of the
anthropomorphic phantomA Transaxial
view of the 12-mm diameter spher8s.
Coronal view of the phantom showing
spheres placed in the mediastir um
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Table 2. Minimum target-to-background ratios present in the cating the existence of metastatic disease in lymph
phantom necessary for detection of the spheres [TBRP(min)] ilodes, this technique is limited by physical constraints.
the axilla and mediastinum for 2D and 3D attenuation‘correcteq:)erhaps the most Slgnlflcant Of these Constralnts |S IOSS
images. The values were calculated from all four combinations OBf target-to-background contrast due to camera resolu-
filter and frequency cutofis tion effects. In this study, we explored the limitations of
PET in detection of small objects in the human chest im-

Diam. 2D 2D 3D 3D :
(mm) TBRP(min) TBRP(min) TBRP(min) TBRP(min) POSed by the partial volume effect. _
Med. AX. Med. AX. The results in Table 1 demonstrate the spatial depen-
dence of reconstructed resolution. In both 2D and 3D,
15 2.8 3.2 2.7 2.7 the resolution is best in the center (mediastinal region)
(1.9-3.4) (2.6-3.4) (22-2.9)  (2.2-2.9) of the field-of-view (FOV), and gradually degrades to-
12 4.2 5.9 3.9 3.9 wards the edges (axilla) of the FOV. This behavior is due
(3.4-4.5) (3.4-8.0) (3.9) (3.9) to increased intercrystal scatter at the edges, demonstrat-
9 18'2 11%% 7648 9.0 7.:518 9.0 ed by the sharp increase in the FWHM of the radial
5 (18:7) (18_'7) 186 —9.0) 18('0' —9.0) component of the line spread f_unction. Use of _the Ramp
(18.7) (18.7) (152-17.9) (16.1-18.6) fiiter produced the best resolution, as did the highest fre-
3 88.1 119.6 118.3 953 guency cutoff values. The recovery coefficients shown in

(79.2-91.1) (115.2-121.3) (113.5-120.1) (94.5-96.8) Fig. 1 are directly affected by resolution and object size
(as seen in Eq. 2). For larger diameter spheres (greater
Med., Mediastinum; Ax., axilia than 9 mm in diameter, which yield RCs greater than
0.3), the measured and calculated RCs are in very good
Table 3. Average minimum target-to-background ratios present inagreement, indicated by the clustering of these points
the phantom necessary for detection of the spheres [TBRP(minground the line of identity. For smaller spheres the mea-
in the axilla and mediastinum for 2D and 3D images without at-sured values were consistently higher than the calculated
tenuation correction. The values were calculated from all fouryglues. Links et al. have also observed this phenomenon
combinations of filter and frequency cutcfs and attributed it to the increased effect of “spill in” to
small spheres from background regions [34]. Therefore,

?n'f:]':)" %gRP(min) ZT%RP(min) STDBRP(min) STDBRP(min) deteptablllty of small spheres may be slightly better than
Med. Ax. Med. Ax predicted from calculations.
Loss of image contrast of small objects due to resolu-
15 35 35 3.2 21 tion effects can be offset by increased target-to-back-
(2.6-4.5) (2.6-4.5) (2.9-3.9)  (1.7-2.2) ground ratios and increased absolute quantities of tracer
12 45 5.6 3.4 2.8 in the structures imaged. This phenomenon is demon-
(4.5) (4.5-6.0) (29-3.9)  (29-3.9) strated by the TBRP(min) data presented in Table 2.
9 11.4 8.7 7.3 7.9 Even the smallest 3-mm-diameter sphere is detectable in
(10.6-14.0) ~ (8.0-106)  (6.8-9.0)  (6.8-9.0) the PET images at TBRP(min)s greater than ~100:1. In
5 18.7 18.7 16.0 19.2 2D PET, the minimum target-to-background concentra-
(18.7) (18.7) (16.0) (18.7-20.3)  {ion ratios necessary for detection of lesions in the medi-
3 86.6 117.3 118.0 83.5

(85.0-88.1) (115.6-118.0) (117.2-119.3) (82.5-85.0) e}stinum and the axilla are approximately th_e same. This
finding is somewhat surprising, given the differences in
Med., Mediastinum: Ax., axilla resolution measured in these two regions. Most likely
the absence of surrounding organs in the axilla produces
better lesion contrast in this region compared with the
were obtained from a second set of high-ratio images. Inediastinum. FDG-avid organs such as the heart and liv-
should be noted that the results for the other size spheres are potential sources of scattered activity which can
(15 mm to 5 mm) from these high-ratio images, whilereduce detected target-to-background concentration ra-
not given, were consistent with those reported for thdios.
low-ratio image sets. Results from the statistical tests of From these data, it is also apparent that objects great-
all the data sets revealed no significant differences oér than or equal to 9 mm in diameter should be detect-
TBRP(min)s measured for 2D and 3D, mediastinal andible in many FDG-PET studies due to the excellent up-
axillary, and attenuation- and non-attenuation-correctediake of this tracer. For example, Minn et al. measured a
PET images. 16:1 target-to-lung ratio for lung tumors imaged with
FDG-PET [35]. Objects which are 5 mm or smaller re-
quire much greater tracer concentrations — at least an
Discussion 18.7:1 ratio —, making it less likely that many lesions or
infiltrated lymph nodes in this size range will be detect-
While FDG-PET has been demonstrated to be effectived with current generation PET scanners (assuming that
in the detection of many cancers and in noninvasively lothe lesion is not moving during acquisition). These re-
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sults are consistent with anecdotal reports of minimunapproximately 25%. The change from the start of the
detectable tumor sizes from human studies [22, 25-28].frame to the mid-time point where the TBRP(min)s were
In 3D PET with the GE Advance camera, thecalculated was 13.3%. In addition some human factors
TBRP(min)s are not significantly different from the 2D could have contributed to error. After several image sets
results. There is, however, a suggestion in the data thatd been read, the once-blinded observer became aware
the 3D values are slightly smaller compared with 2D.of the likely positions of the spheres in subsequent imag-
This result may be caused by the somewhat better statiss. And, even though the viewed image sets were shuf-
tical quality of the 3D images due to the higher numbefled randomly (as previously described), the partial un-
of counts present in these images (detection sensitivithlinding of the observer was inevitable. Thus, some bias
for true events is a factor of ~5.5 higher in the 3D acquicould be present in the image analysis results, which
sition mode compared with the 2D mode). Further studygould have shifted the TBRP(min)s to lower values. Our
is required to definitively determine the existence andexperimental design, however, attempted to minimize
magnitude of this effect. The similarity between data acthese effects. Furthermore, the sensitivity and resolution
quired from 2D and 3D images indicates that the in-of PET scanners in both 2D and 3D modes are functions
creased sensitivity for out-of-scanner activity (such as irof axial position (as well as transaxial position). The
the bladder) exhibited by 3D-configured PET scannergrecise axial locations of the spheres were not known.
does not significantly handicap lesion detection withTherefore, some variations from the reported values of
FDG-PET, at least in the mediastinum and axilla. Ascalculated RCs and TBRP(min)s are possible. This vari-
with the 2D results, there is no statistically significantability is less in 3D PET than in 2D PET owing to the
difference between the TBRP(min)s in mediastinum andjreater axial sampling density in 3D PET acquisitions.
axilla in 3D. This unknown positioning is consistent with clinical
When photon-attenuation correction is not appliedpractice.
the appearance of the spheres in the images is altered.In summary, we have investigated the capabilities of
As observed by Zasadny et al. [36], the anteroposteric2D and 3D FDG-PET scanning for detecting small trac-
dimensions of the spheres were enlarged and the left-t@r-avid objects in the chest and axilla and confirmed
right dimensions were contracted compared with the atthat, overall, the ability to detect lesions or lymph nodes
tenuation-corrected images. These differences were mogteater than 9 mm in diameter is very good. Target-to-
evident in the mediastinal region, where the effect of atbackground ratios needed for detection of objects in this
tenuation is greatest due to the depth of the objects. It §ze range are usually attainable in vivo with FDG.
also important to note that without an attenuation mapSmaller lesions require significantly greater target-to-
the software of the GE Advance system does not allobackground uptake which may be attainable only infre-
scatter correction. Therefore, the images without attenuguently with FDG. For attenuation-corrected images, the
ation correction also did not have scatter correction apminimum target-to-background concentration ratios re-
plied. As the data in Table 3 show, the slight distortionguired in both 2D and 3D FDG-PET for detection with
in the apparent shape of the spheres and lack of scattire GE Advance PET scanner were approximately the
correction did not significantly change the values ofsame for the mediastinum and axilla. Similarly, for non-
TBRP(min) in the mediastinum compared with the at-attenuation-corrected images, the required target-to-
tenuation-corrected results (Table 2). Similarly, the val-background ratios for detection were not significantly
ues for the axilla were virtually unchanged between thelifferent in 2D versus 3D. Due to the limited resolution
two sets of data (attenuation-corrected and non-attenuaf the current generation of PET cameras, detection of
tion-corrected). The factors which influence the detectimicrometastatic disease is not currently feasible with
ability of small objects in the chest (object size relativePET.
:.O reconstruqted resolutlo_n and target-to-background r?AcknowledgementsWe thank Mr. Louis Tluzcek and Dr. Scott
io) are physical factors virtually unrelated to the type o

- o Snyder of the University of Michigan PET facility radiochemistry
PET scanner utilized. Thus, although these findings Wergroup, and Mr. Bryan Smith and Dr. Samuel Mazza of the West

obtained with a specific model of a widely used PETvirginia University PET facility radiochemistry group for the ra-
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