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Evaluation of the ECAT EXACT HR 3-D PET
Scanner in H°O Brain Activation Studies:
Dose Fractionation Strategies for rCBF
and Signal Enhancing Protocols

J. J. Moreno-Caft, C. J. Thompson,* and R. J. Zatorre

Abstract—We evaluated the performance of the ECAT EX- that originate within their field-of-view (FOV). This makes
ACT HR + 3-D whole-body positron emission tomography (PET) 3-D PET scanners particularly sensitive to the detection of
scanner when employed to measure brain function using ¢t°O single and random events. Such events decrease scanner per-
bolus activation protocols that are completed in single same- - .
day data acquisition sessions. Using vibrotactile and auditory formance by generating detector dead time. Although the effect
stimuli as independent activation tasks, we studied the scanner Of dead time in 3-D scanners can be reduced by spreading the
performance under different imaging conditions in five healthy total per-subject dose over as many injections as possible so
volunteers. Cerebral blood flow images were acquired from each only a few mCi are used per scan [1], practical considerations

volunteer using H;'”O bolus injections of activity varying from it the number of injections used per subject. This results in
5-20 mCi. One-session dose-fractionation strategies were ana-

lyzed for rCBF, standard activity-concentration, switched, and & trade-off amongst Qounting St_atiStiCS, scanner efjficiency- and
cold-bolus/switched protocols.Performance characteristicsThe the practical constraints experienced when imaging subjects
scanner dead time grew linearly with injected dose from 10% or neurological patients in a clinical facility. Some of these

to 25%. RRa”gom eVS”tS Varie(:j from 309% to 50% of ”(‘je ddeteCtedl practical constraining factors are: 1) the length of the scanning
events. Random and scattered events were corrected adequatelygqqqinn. ) volunteer or patient tolerance; 3) the time allo-
at all doses. Estimated noise-effective-count curves plateau at

about 10 mCi. One-session 12-injection bolus PET activation pro-Ccated/project in a multiuser shared imaging facility; and 4) a
tocols.Using an acquisition protocol that accounts for the scanner finite number of stimuli (particularly for cognitive tasks where

performance and the practical aspects of imaging volunteers and stimulus novelty plays a key role). After performing hundreds
neurological patients in a single same-day session, we assesseg H.1°0 bolus activation experiments on volunteers and

the correlation between the significance of activation foci and the . . S
dosefinjection used. The one-session protocol employs 12 boluéweurologmal patients at our institution, we have observed that

injections/subject. We present evidence suggesting that when anS¢anning sessions involving n_ormal volunteers s_par_min_g longer
rCBF protocol is used, image noise is reduced significantly when than three hours are very difficult to perform (this view is also
the activity injected increases from 5 to 10 mCi. Increasing shared at other PET centers [2]). Similar sessions involving
the dose from 10 to 15 or 20 mCi yielded further but smaller ne\rological patients are even more difficult to accomplish.

reductions. Our observations also suggest that image noise will - . i
be strongly reduced if a 20-mCi dosefinjection is used when data In studies employing regional-cerebral-blood-flow (rCBF) [3],

are collected using protocols that employ long acquisition times [4], standard activity-concentration [5], [6], switched [7],
such as a switched or a cold-bolus/switched protocol. [8] and cold-bolus/switched (CBS) [9] protocols, the time

Index Terms—Activation studies, ECAT HR+, H, "0, PET. !lmltapon ena_bles scanning sessions Wlth_ an average of_ 12
injections/subject (each session includes time for positioning
the subject, a transmission scan and 10-12 min between scans

. INTRODUCTION to allow for isotope decay). In studies employing background-

OSITRON emission tomography (PET) systems operatisgibtraction protocols [10], the time interval between scans may

in three-dimensional (3-D) mode do not collimate evenige reduced enabling the acquisition of more scans/session.
In this paper, we discuss dose fractionation strategies, for
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protocols have been proven to yield significant improvements TABLE |
to the SNR when compared to equivalent images obtained with CTI ECTA BxacT HR+: PHYSICAL CHARACTERISTICS
standard activity concentration protocols and are as easy tOgantry type: whole body
implement as their standard counterpart, and 4) CBS protocolsAxial field-of-view (FOV): 15.5 om
yield SNR enhancements even larger than those obtaineoﬁi‘r’:t’)':‘:':fr‘crr"y::'z:;ckﬁngs, 20
with switched protocols although they are more difficult to . blocksfring: 72
implement_ * crystals/block: 8x8
Number of crystal rings: 32
Crystal size (mm): 4.05(axial)x4.39(circumferential}x30(radial)

R 15 - Number of crystals: 18432
A. Description of H'*O Bolus Acquisition Protocols Inter-plane septa: removable

. - . . . : : Imaging modes supported: 2D/3D/whole body
. In activation Stu_dles’ brall-'l function |s_comm0nly |nv¢s- Transaxial resolution (mm)}: 5.1 FWHM £ at 1cm from FOV'’s centre
tigated by comparing PET images acquired when subjects 66 * 10cm ,
perform different tasks [11], [12]. When using a standard Axial resolution (mmt: 42 0.4cm
activation protocol (i.e., rCBF or activity-concentration pro- 54 " 9.0cm :

. . . . . 3D mode -count rates NEMA 20 cm-diameter phantom (1uCi/mi)t

tocols), data are acquired while subjects perform an activation ;s 466 kps
or a baseline task throughout the scanning period. Standard- randoms 1016 kps
protocol scans acquired in order to provide quantitative mea-—<geadtime 3%

t+ measured at our institution during scanner's acceptance tests; quantities shown

surements of rCBF are collected for 40-60 s after the tracCercorrespond to total system rates.
arrives in the brain [3], [4] while standard-protocol scans *ulwidth-at-halfmaximum
optimizing the SNR of subtracted images are typically 60-s

to 100-s long [3], [6]. Longer standard-protocol scans are s and switched protocols, the CBS protocol yielded mean
used since the SNR of the resulting activation images becomes, o ements of up to 36% to the statistical significance of
smaller [5], [6]. Switched and CBS protocols enhance thge activation foci. CBS protocols [9] enhance the SNR of
SNR of subtracted activation images by manipulating racgtyation images by increasing tracer concentration during

kinetics in _order.to maintain the difference between ac:tivaticu;]e uptake phase of the input function and by decreasing tracer
and baseline signals longer than standard protocols. TRiScentration during the washout phase.
allows the acquisition of scans up to 4-min long [7]. In these

protocols, the subftracted S|g_nal is pr(_)Ionged by reducing traﬁrObjectives of This Study
washout from activated regions during the washout phase of

the input function while increasing washout from nonactivated The work presented in this manuscript describes: 1) the
regions. This is accomplished by switching task executigigrformance of the ECATEXACT HR+ whole body positron

at the time that tracer concentration in the brain reachese@ission tomograph [13], [14] when employed to study brain
maximum from activation to baseline in activation scans arfanction using rCBF H*>O bolus activation protocols in 3-
vice versa in baseline scans. Activation studies employifgmode; 2) dose fractionation strategies to be used routinely
switched protocols have reported increases of up to 38%ifhsame-day one-session, O bolus activation studies that
the statistical significance of activation foci observed acrod§count for the scanner count-rate performance and the practi-
subjects when compared to equivalent measurements obtaif@aspects of acquiring data from volunteers and neurological
using standard rCBF protocols [7], [8]. These increases havatients with rCBF protocols; and 3) an analysis of possible
been shown to be a result of decreased image noise yieldedBge fractionation strategies to be employed when measuring
the longer acquisition times obtainable through task-switchifjain function with protocols that maximize the SNR of
[8]. CBS protocols enhance even further the SNR gairs,;gbtracted images by manipulating tracer kinetics such as
obtained with switched protocols by combining task switchinge switched and CBS protocols. In addition, this work is
with the release of a large activity-free bolus (cold bolus). THéscussed in the context of data acquisition techniques that
cold bolus is formed by occluding blood circulation to th&mploy background image subtraction to decrease the time
lower limbs prior to tracer injection [9] using pressure cufffetween consecutive scans.

placed on both legs at upper thigh level. The cuffs are inflated

above arterial pressure a few seconds prior to bolus injection . METHODS

thereby isolating about 20%—40% of the total blood volume in

the lower extremities. When activity concentration in the brain, PET Experiments

reaches a maximum, typically 40-60 s after isotope Injecuon’Five healthy right-handed volunteers ( four males and one

the cuffs are released and the subject switches task executjon. "~ .
) ! : . female; mean age 24 yrs) were scanned using the ECAT
The effect of using a cold-bolus is two fold. First, lower-lim . : .
. ) . ) : . XACT HR+ in 3-D mode in order to measure regional
circulation occlusion decreases tracer dispersion during the
: . : . changes of cerebral blood flow (Table I). All volunteers gave
uptake phase of the input function therefore increasing trace . . .
) . . infarmed consent and were scanned in compliance with the
uptake in the brain. Second, release of the cold-bolus increases,. ; Lo .
. . . medico-ethical guidelines in effect at the Montreal Neurolog-
tracer washout from baseline regions during the washout phas . ;
. ) . . i X ... Ical Institute and Hospital.
of the input function since it is combined with task-switching.

In PET experiments comparing activation foci obtained with *Manufactured by CTI Inc., Knoxville TN.
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1) Scanning ConditionsThe scans used a fast8 s) in- TABLE I
travenous bolus injection of H>0 as the radioactive tracer; a DATA AQUISITION AND RECONSTRUCTION PARAMETERS
14-s delay between injection and acquisition to allow for tracer Acquisition Reconstruction (image: 128x128 pixels)
arrival into the brain; and were 60-s long. The subjects lay opxia' ‘FOV t 15.52 ) Corrections:

, . . . . nterplane septa retracte scattered and random events

the scanner’s bed with their eyes closed in a quiet darken%dzrgy thresholds 6501350 Kev decay
room. Sinogram mode prompts-delays normalization

2) Activation and Baseline Scan§he scans performed Span/Ringdifferencet 9/22 arc (spherical geometry)t

. . . . . Coincidence window 12 nsec 3D attenuation

were either activation or baseline scans dependmg on th‘:?ar‘nes/’Time/DeIay 1/60 sec/14 sec  Filter:Hanning (cutoff=0.3cycles/sample)tt

stimulus presented to the subjects during data aCQUiSition. TW&Ran=number of possible lines of response in odd and even planes as a result of
: : H lape interleaving; Ring difference=largest absolute difference in detector ring numbers
types of. activation scans apd one type Qf baseline scan WETE 2 e seanner.
used. Vibrotactile and auditory stimulations were employeigorrects for the scanner’s spherical geometry. _
f . . . . .. é‘&ianmng filter ¢(f)=0.5|f|(1+cos(nf/f,)) if |f|=< f, and 0 otherwise where
or the activation scans while a resting condition was us (0.3 cycles/sample. This cutoff frequency corresponds to a spatial resolution of
for the baseline scans. 8 mm FWHM.

3) Activation Scans:Subjects were asked to concentrate on

the stimulus which started concurrently with bolus injectiogctivities of 5, 10, 15, and 20 mCi. For each set, a SNR image
and was maintained until data acquisition ended. was generated for the mean change in normalized activity be-
a) Auditory stimulation: White noise bursts of 75 dB tween baseline and activation scans using a standard deviation
(sound pressure level) of intensity; 500 ms long angboled across all intracerebral voxels as an estimation of the
500 ms apart were played to the subjects binauralignage noise[18]. In brief, the SNR images for each of the
through insert earphones (Eartoné3 eight sets were created as follows: a) individual scans are
b) Vibrotactile stimulation:Subjects had the moving headsmoothed to overcome across-subjects anatomical variability
of a vibrator (ThrivéM) fixed to the fingers of their [14-mm full-width-at-half-maximum (FWHM)], transformed
right hands, while their right arms were fully extendedhto a stereotaxic coordinate system [17], [19], and normalized
and placed on a cushion to isolate the vibration to tHe have a mean of 100; b) baseline scans are subtracted from
fingers only. The vibrator was pulsed on and off at the activation scans and the resulting images are averaged
frequency of 1 Hz. across subjects into a magnitude image; c) a standard deviation
4) Baseline ScansSubjects were asked to relax and restmage of the subtracted scans included in the average is gener-
The earplugs and vibrator were kept in the positions us@éed; d) the standard deviation pooled across all intracerebral
during the activation scans but no stimulus was presented.VOXels in the standard deviation image is calculated; €) SNR
5) Data Acquisition: The subjects were required to parvalues for voxels in the averaged image were computed by
ticipate in each of the three scans described above wliyiding each voxel value by the pooled standard deviation
injected activities of 5, 10, 15, and 20 mCi for a total off the i.mage. The anatomical location of aqtlvauon foci was
12 scans per subject (one subject underwent only ten scdgermined from the averaged-across-subjects co-registered
because of cyclotron malfunction). The maximum activig)!R volumes in Talaraich space [19].
used per injection was 20 mCi since in a 12-injection study
this delivers the maximum accumulated dose that can Be Scanner Evaluation Parameters
administered to volunteers according to regulations in effeCtThe evaluation of the scanner performance was based on
at our institution. All scans were acquired in 3-D mode (ngbservations of the correlation between injected activity and
septa in the scanner FOV) using the scanner default settifigs following parameters and image characteristics: 1) dead
and were reconstructed using in-plane and axial Hannifighe; 2) detected true events; 3) correction for random and
filters with 0.3 cycles per sample cut-off frequency (Table Ilscattered events; 4) image noise; and 5) magnitude and sig-
The order for scan-acquisition/task-execution was counterbgificance of activation foci associated with the tasks described
anced within and across subjects to reduce the effect of taglove. In addition, estimations of the noise effective counts
adaptation since the imaged tasks were performed seveMIEC) were used as a figure-of-merit encompassing the main
times by each subject [15], [16]. The subjects also underwentaging variables.
magnetic resonance (MR) scans which were registered taNEC values were calculated as [20] (1), shown at the bottom
their corresponding PET scans to facilitate the anatomiasflthe page, wherg is the fraction of lines of response in the
localization of activation foci [17]. sinogram passing through the subjects’ heads (estimated to
6) Data Analysis: The scans were divided into eight sepabe 0.3) while the factor “2” accounts for the increased noise
rate and independent sets according to the type of stimulatiariance of the randoms component since random events are
employed and the activity of the injected tracer. Thus, separatdculated using delayed coincidences. The NEC values shown
vibrotactile- and auditory-stimulation sets were formed fdnere used an estimated scatter count fraction of 45%. The

(true eventy’
(true eventst scattered events (2f)random events

NEC = 1)
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scanner dead time was studied as a function of the injected, ;47
dose and the time elapsed after bolus injection. Dead timé&
data were obtained from on-line calculations provided by the : 5 7
scanner’s acquisition software supplied by the manufacturersgf. ..o cme]
The efficacy of the corrections for random and scattered events : : :
across the injected doses was roughly estimated by comparing :
voxel intensity measurements from activity free brain regions, 4 =
such as the cerebral ventricles, to grey matter regions. The : :
effect of the injected dose on the ability to detect foci o§3_ww
neuronal activation was evaluated by assessing the correlatfn
between the significance of the signals from each of the :
expected activation foci and the activity injected. Likewise, 2 m Aot
the correlation amongst injected activity, image noise, SNR, 7
and the data-acquisition protocol used was investigated in thq
acquired data.

PROMPTS

TRUES+SCATTER

RANDOMS

. SINGLES

0 L i H
[ll. RESULTS AND DISCUSSION 0 5 10 15 20 25
Injected activity (mCi)
. L _ Fig. 1. Distribution of mean uncorrected coincidence (prompts), true (scat-
A. Eval_u_atlon of Scanner Sen_3|t|V|ty, EﬁlClency, tered and unscattered), random (delayed), and single events across the injected
and Ability to Correct for Spurious Counts activities. Mean values were calculated by averaging measurements resulting

. . . from scans with the same injected activity across subjects. Error bars show
Fig. 1 shows the behavior of the total uncorrected coiNGhe standard error of the means.

dences (prompts), the estimated total random events (delayed),
and the total true events (trues scatter} averaged across 7
all subjects and across stimulus conditions as a function ob.5
the injected dose. As shown in the figure, the scanner relative ; ; ;
sensitivity to true events decreased as the dose increased while TRUESISCATTER -
the number of detected random events increased with the?2 B
dose. Thus, over 70% of all detected events were trues when
injecting 5 mCi, while only 50% of the events were trues
when the dose increased to 20 mCi. Fig. 2 shows the estimatets
noise effective counts also obtained by averaging individu‘%l : : ;
scans across subjects and across tasks. These measurergents ; i RANDOMS
suggest that the NEC values plateau after 10 mCi and that 1 : : :
use of 15 or 20 mCi/injection does not yield NEC values
significantly different than those obtained using 10 mCi/scan. : ; : 5
This finding is similar to those previously described for the 0.5p /- P R IRy T ]
GE Advance system in 3-D mode [21]. Fig. 3 describes ; :
the observed scanner mean dead time measurements for the
injected doses investigated. The plotted values were derived byo . . . .

X - ; 5 10 15 20 25
averaging across subjects the observed dead times throughout Injected activity (mCi)
the scan pe.rI_O(EiS. I.Dead time grew linearly from just over 109 (L)g. 2. Mean noise effective counts (NEC) as a function of injected activity
when 5 mCi injections were used to over 25% when 20 M 3.p scans [see (1)].
were injected. The scanner’s ability to correct for random and
e By e ¥4 njectd Dose nd the Sinifcance f

. . j flie Expected Activation Foci

eral ventricles, and comparing them to values from grey matter
regions in activated and baseline states. These measuremeritéd. 4 shows the ratio of the mean subtracted signal from
suggest that scattered and random events were correctedti§r detected foci and the overall image noise as estimated
all the injected activities tested since no significant differenc8y the standard deviation pooled across all the intracerebral
were observed amongst the calculated ratios. A more accurg@¥els. The activation foci were located in the left primary
estimation of the effectiveness of the corrections is not neede@matosensory cortex for scans where the vibrotactile stim-
since, in activation studies, random and scattered events mosflys was used [16] and in the bilateral primary auditory
cancel out during subtraction of images of the same activigrtex for scans where the auditory stimulus was used [24],

making these corrections unnecessary [22], [23]. [25]. For an ideal scanner (i.e., one whose performance is
constant independently of the activity used), the difference

2In Fig. 1 and throughout its description, the term true events refers pﬁtween activated anq _basel'ne s_|gpals I$ expecte.d to remain
scattered and unscattered coincident events. constant across the injected activities since the images are
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Fig. 3. Mean scan dead time across activities. The error bars (samplg. 4. Average significance of the signals from the detected activation foci

standard deviation) describe the observed variability of the dead time withiglative to the image standard deviation. The foci were located in the left

each scan in each activity group. primary sensory and bilateral primary auditory cortices. Error bars show the
standard error of the means.

normalized to have the same mean number of counts before

subtraction. Thus, if any pattern of variability in the SNReffect of injected activity on noise measured by placing 3-
across the injected activities were to be observed, this woutdn radius ROI’s over the left cerebellum, right cingulate and
be introduced by changes in the overall image noise. @ight frontal cortices in the averaged subtracted image for each
the other hand, if image noise were only caused by tloé the activities tested. The figure shows the percent ratio
statistical variability associated with measurements of isotopetween the values of the mean noise ROI and the values
concentration, the overall image noise would be expectefl mean signal ROI. As expected, variability decreased as
to change proportionally with a (count§} pattern. In the the injected dose increased. The minimum variability was
measurements performed here, variations of the normalizgasserved in the 20 mCi data set. The reductions in image
relative signal magnitude for a given stimulus are expecteise caused by increasing the injected dose from 10 mCi to
to be introduced mainly by head movements and changesl® or 20 mCi was marginal when compared to the reduction
the rCBF response caused by task habituation and stimublserved when increasing from 5 to 10 mCi. Similar findings
attention. As explained before, the effect of these factors on thwere observed when the variability across all intracerebral
relationship between signal magnitude and injected dose wasels was used as measurement of image noise (Fig. 6). The
expected to be minimized by counterbalancing the scan orawise/dose correlation shown in Figs. 5 and 6 was calculated
across and within subjects. The large variability across sanie-data sets reconstructed at a resolution of 14 mm FWHM.
activity measurements, depicted by the error bars in the figufativation studies employing across-subject image averaging
suggests that their effect was not totally eliminated, most likeire commonly smoothed to a lower resolution (18- to 20-mm
because the sample size/activity level was small. NevertheledS$/HM) to compensate for intersubject anatomical variability.
the data shown in Fig. 4 suggests that, for the activity levdislower resolution images are used, the noise-level differences
tested, the SNR grew as the injected activity increased. Tamongst the tested doses will become smaller. In that case, the
highest SNR measurements were observed when the 20 mGise reductions observed when injecting doses greater than
injections were used. 10 mCi will be even weaker.

Visual inspection of the images from different doses re- In the case of activation studies employing protocols de-
vealed no obvious changes in resolution or noise reductisigned to maximize the SNR of subtracted images, such as
across the injected doses. Images of the same structures adtwsswitched [7], [8] and the CBS [9] protocols, the effect of
the injected doses were indistinguishable to the naked eye.ths injected dose in the 5-20 mCi range is likely to have a
mentioned above, when brain function is investigated usif@rger impact on image noise and therefore on the significance
normalized images, the relative magnitude of the signals fraoh the activation foci. This occurs because these protocols
activation foci with respect to the signal from baseline regionsse significantly longer scanning times than standard rCBF
is independent from the injected dose. However, image noaetivation protocols like the one used here. Switched and CBS
is correlated to the total amount of counts in individual scamsotocols enhance the SNR by manipulating tracer uptake and
and therefore is correlated to the injected activity. Figs. 5 améashout in order to prolong the difference in the signal from
6 describe the observed correlation between image noise aedironal substrates with high (activation) and low (baseline)
injected activity using variability measurements in regiondlood flow. As described before, an activation study using one
of-interest (ROI's) and across all the intracerebral voxels of these protocols employs scans up to 4-min long, while a
the averaged subtracted scans respectively. Fig. 5 shows dimeilar study employing a standard protocol uses scans 40- to
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)]
O

[27]. The model estimates the uptake of'BO in tissue
under baseline (low flow) and activation (high flow) conditions
throughout the different stages of the input function. Since
our data were only collected in 1-min scans, this model was
used to investigate the effect that variations on the counts
collected 2—-4 min after injection have on the accumulated
signal and its estimated statistical variability for switched and
CBS protocols. Reductions of 10%, 20%, and 30% to the
signal variability in the counts collected between 2 and 4
min were studied. The reductions yielded 4%, 7%, and 10%
increases in the overall SNR when a switched protocol was
employed and 3%, 5%, and 7% increases when a CBS protocol
was used. The relative increases observed in CBS protocol are
slightly smaller than those obtained with a switched protocol

S
[

S
(@]

w
4]

w
(=]

n
(=]

—
[$;]

Variability in mean noise ROI (%)
N
[$)]

—
(@)
T
.

. 5 ; 5 ; .1 since the integrated subtracted signal in the former protocol
0 . 1 1 1 1 : 1 : is larger [9]. In activation studies employing background
4 6 8 10 12 14 16 18 20 22

Injected activity (mCi) subtraction in order to decrease the time interval between

consecutive scans, the use of 15 or 20 mCi injections is
Fig. 5. Mean noise-to-signal ratio. Values shown were calculated from noise

ROI's in right superior frontal, cingulate and left cerebellar regions; and frotlﬂOt eXpeCted to y'eld S|gn|f|cant galns in noise reduction

signal ROI's over the three activation foci detected. if the data are collected in short scans (unless this method
were to be combined with a switched or CBS acquisition

20 , . . . . . . . scheme).

: 5 5 5 : 5 5 5 It is also important to note that these studies were done
with delayed counts subtracted from the sinogram containing
prompt counts (trues- scattered+ random events). It has
been suggested that the noise due to random events can be
reduced by acquiring delayed counts in a separate sinogram
and then subtract a smoothed version of the delayed counts
from the prompt counts [20]. This would potentially decrease
the noise present in high activity studies were random counts
: : : : : : : : are the highest source of noise. However, use of this technique
1ok U U R U R S TR ] doubles the amount of data storage requirements during data

: : : : : : : : acquisition and archiving. Furthermore, the noise in PET
activation images generated employing averaging of subtracted
data sets could also be decreased by eliminating correction for
: : : : : : : : random events [22], [28]. Since the distribution and magni-
5 : : ; : : : : : tude of the random events is likely to remain approximately
4 6 8 1?nject;§acﬁvi1t;‘ (mCi;G 18 20 22 constant in intra subject images of the same injected activity,

subtracting such images would eliminate the random event
tébmponent from the subtracted image.

Variation (std) across all intra cerebral voxels

Fig. 6. Variability across all intracerebral voxels (averaged across subjec
Error bars show the standard error of the means.

60-s long if measuring rCBF changes or scans 60-100 s long
if measuring differences of isotope-concentration. As shown IV. CONCLUSIONS

in Figs. 5 and 6, increasing the injected dose from 10 mCiy this paper, the following issues were described: 1) the
to 15 or 20 mCi only marginally reduced the image nois§erformance characteristics of the Siemens ECAT EXACT
however, larger reductions were observed between 5 andHf+ 3-D whole body PET scanner when used to investigate
mCi. Since in 4-min scans the tracer will have decayed tWgain function with rCBF H'*O bolus activation protocols;
half-lifes during data acquisition, an initial injection of 20 mCp) the effect of dose fractionation strategies in the magnitude
will provide 10 mCi at the start of the second half of a scaand significance level of activation signals measured using a
compared to only 5 mCi if a 10 mCi injection is used. Thene-session 12-injection rCBF activation protocol designed to
data collected at these radioactivity levels are likely to exhitdiccount for the scanner performance as well as the practical
significant noise differences as suggested by the measuremesfsects of studying neurological patients and normal volun-
shown in Figs. 5 and 6. The relative contribution of the signaers in a multiuser PET imaging facility; and 3) possible dose
(and its statistical variability) from different periods in a scafractionation strategies to be employed when measuring brain
on the overall focus SNR was evaluated using a standard ofigiction with protocols that maximize the SNR of subtracted
compartment model [26], [9] of tracer kinetics and a typicainages by manipulating tracer kinetics in order to extend scan
measured input function produced by a'PO bolus injection length such as the switched and CBS protocols.
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A. The ECAT EXACT HR Across the 5- to 20-mCi Range

1) Performance Characteristicsa) dead time grew lin-
early from 10% to 25%; b) random events increased from 30%

(20]

to 50% of the detected events; c¢) scattered and random evehts

appear to be adequately removed by the scanner’s software;
and d) NEC values reached a plateau after 10 mCi.

2) One-Session 12-Injection,MH O Bolus PET Activation
Protocols: a) When measuring brain function with a standard
rCBF protocol, bolus injections of 20 mCi yielded activation
foci with the highest SNR, however, the noise reductiongs
obtained by injecting more than 10 mCi are small; and b)
the SNR in protocols employing long scanning periods, such
as the switched and CBS protocols, is likely to be maximizggly
if 20-mCi injections are used.

[12]
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