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Abstract

Resumo

Comparative study on imaging quality in PET acquisition
modes: validation of a protocol for reducing the radiation
dose™

Estudo comparativo da qualidade de imagem dos modos de aquisicdo da PET: validacédo
de um protocolo para reduzir a dose de radiacdo

Solange Amorim Nogueira', Henrique Manoel Lederman?, Jairo Wagner?®, Lilian Yuri Yamaga®,
Marcelo Livorsi da Cunha®, Marcelo Buarque de Gusméao Funari®

OBJECTIVE: The present study is aimed at validating a 3D acquisition protocol for positron emission tomog-
raphy as a replacement for the 2D mode, to reduce the radiation dose delivered to patients, without any loss
in the quality of images. MATERIALS AND METHODS: The study comprised 27 simulations in a Discovery
ST equipment with four-minute 2D acquisitions, and two-minute and four-minute 3D acquisitions, utilizing
a chest phantom according to the National Electrical Manufacturers Association protocol. Six spheres with
different diameters were inserted into this phantom as a means for determining the images quality. The images
were blindly reviewed by three experienced nuclear physicians who did not know the acquisition modes.
Each observer attributed a score 1 when one of the spheres was not identified, or 2 for visible spheres.
RESULTS: The qualitative analysis based on generalized kappa coefficient demonstrated that the frequency
of visible spheres was higher with four-minute 3D acquisitions (85%), with an also higher interobserver
agreement (88.9%), generalized kappa = 0.725 [0.507;0.942]. CONCLUSION: The protocol with four-minute
3D acquisition with lower '®F-FDG activity can be utilized for patients with a biotype similar to the phantom,
without any loss in the imaging quality.

Keywords: PET/CT; Imaging quality; 2D mode; 3D mode; '®F-FDG; Dose reduction.

OBJETIVO: O presente experimento visa a validar um protocolo de aquisicdo em 3D na tomografia por emisséo
de pésitrons, em substituicdo ao modo 2D, de forma a reduzir a dose de radiacéo nos pacientes, sem perda
da qualidade de imagens. MATERIAIS E METODOS: Foram realizadas 27 simulacées em equipamento Dis-
covery ST, nos modos 2D com quatro minutos de aquisicdo e 3D com dois e quatro minutos. Utilizou-se um
simulador do protocolo da National Electrical Manufacturers Association. No interior deste simulador estédo
inseridas seis esferas com diferentes didmetros para a determinacé@o da qualidade de imagem. As aquisicdes
foram comparadas por trés médicos nucleares, sem que eles identificassem o modo de aquisicdo. Cada
observador atribuiu o valor igual a 1 quando alguma esfera nédo foi identificada ou valor 2 para esferas visi-
veis. RESULTADOS: A andlise qualitativa pelo kappa generalizado demonstrou que a frequéncia de esferas
visiveis foi maior no modo 3D com quatro minutos (85%) e a porcentagem de concordéancia também foi
maior (88,9%), com kappa generalizado = 0,725 [0,507;0,942]. CONCLUSAO: O modo 3D com quatro
minutos de aquisicdo e com menores atividades de FDG-'®F pode ser utilizado em pacientes com bié6tipo
equivalente ao simulador, sem perda de qualidade de imagem.

Unitermos: PET/CT; Qualidade da imagem; Modo 2D; Modo 3D; FDG-'8F; Reducdo de dose.
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INTRODUCTION

Positron emission tomography/com-
puted tomography (PET/CT) was intro-
duced in 1998 and has had a remarkable
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impact on the diagnostic medicine, particu-
larly in the field of oncology. The major
advantage of this imaging method is the
property of producing both morphol ogical
and functional images of pathological pro-
CEsSeS.

The glucose analog F-18-fluorodeoxy-
glucose (FDG-F) is amarker of cell me-
tabolism that can be non-invasively de-
tected by PET®. The combination of this
technique with radiographic tomography
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allows the fusion of metabolic and ana-
tomical imagesresultingin apreciselocal-
ization of pathological processes, allowing
the staging, monitoring and management of
the disease, providing higher specificity,
sensitivity and accuracy to the patient as-
sistance strategy®.

However, both procedures involve pa-
tients exposure to radiation, acritical issue
for pediatric patients, so thereisinterest in
developing aprotocol capable of minimiz-
ing radiation exposure without impairing
the diagnosis®?.

Theeffective dosein patients submitted
to PET/CT scanswho have received activi-
ties between 300 MBq and 370 MBq is
approximately 25 mSv, 10 mSv of which
result from the administration of FDG-8F
or 0.027 mSv/MBg. So, any reduction in
the activity administered in PET impliesa
proportional reduction of the effective dose
delivered to the patient®®.

Theresearch of techniqueswhich alow
the reduction of radiation doseshasagreat
relevance in studies developed in the area
of oncology where the patient isfollowed-
up with a series of radiological studies.

Positron emission tomography can be
performed through two acquisition modes:
2D and 3D as shown on Figure 1.

The 2D acquisition mode utilizes tung-
sten septaplaced under the detectors. These
septa act as antidiffusion grids utilized in
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radiology. They cause a reduction in the
photonsincidence angle, resulting in ade-
crease of up to 15% in the rate of false
events produced by scattering photons. As
aresult, the images contrast resolution is
improved although the equipment count
rate performance decreases so the admin-
istration of a higher radioactivity is re-
quired for images acquisition"®.

In the 3D acquisition mode, the septa
are retracted and an electronic collimation
of the detected coincidences is utilized,
resulting in up to six-fold higher count
rates. Asaresult, thereisanincreasein the
equipment sensitivity, allowing areduction
both in the radioactivity administered to the
patient and in the acquisition time. On the
other hand, as a disadvantage, the increase
in the count rate receives the contribution
of false coincidences (random and scatter-
ing events), which cause areduction in the
images contrast resolution”®.

Centers where PET/CT scans are per-
formed with the 2D acquisition mode re-
place this protocol by the 3D mode as a
strategy to reduce radiation doses for al-
lowing the administration of lower radiop-
harmaceutical activity.

Inthiscontext, studiesaimed at demon-
strating the appropriateness of 3D acquisi-
tion modeto preservetheimagequality with
the administration of lower radiotracer ac-
tivity are important for the clinical routine.

Aquisi¢do em 2D
(com septos)

Modos de Aquisicao

Aquisi¢cdo em 3D
(sem septos)

Figure 1. 2D and 3D acquisition modes. Schematic representation of 2D and 3D acquisition modes
demonstrating the positioning of the septa and lines of response. (Source: GE Medical Systems —

www.gehealthcare.com).
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The present study is aimed at evaluat-
ing whether images obtained with the 3D
acquisition mode with two minutes (3D-2-
min) and four minutes (3D-4-min) and
lower FDG-YF activity, present the same
image quality provided by the 2D acquisi-
tion mode (2D-4-min), which is usually
utilized as a standard in the department,
and, based on this evaluation, validating a
new protocol of 3D acquisition mode to
replace the 2D mode, reducing the activity
and, consequently, the radiation dose deliv-
ered to the patients, without a loss in the
image quality.

MATERIALSAND METHODS

The present study was developed with
aDiscovery ST PET/CT equipment (Gen-
era Electric Medical System; Milwaukee,
USA) utilizing crystalline bismuth ger-
manate (BGO)©19,

The experimental method employed
image quality tests according to the 2001
version of the protocol of the Nationa
Electrical ManufacturersAssociation Stan-
dards (NEMA) (NU 2-2001). A phantom
(NEMA/IEC 2000; Biodex) was utilized to
simulate a human thorax both in shape and
size. This phantom includes six spheres
with different diameters (1 cm, 1.3cm, 1.7
cm, 2.2 cm, 2.8 cm, 3.7 cm) transversely
positioned on a circumference (23 cm in
diameter), and acylinder (5cmindiameter)
positioned on the center®?,

In compliance with the protocol for test-
ing image quality, the phantom and the four
smaller sphereswerefilled with radioactive
material at different concentrations, and the
cylinder, with cotton to simulate the pulmo-
nary parenchyma. With this arrangement,
the authors could identify “hot” (four
spheres) and “cold” (two spheres and the
cylinder) images in relation to the back-
ground (bg) radiation. The activities uti-
lized in the phantom components were in
compliance with the NEMA manual 9,

A NEMA phantom for scatter test is
utilized to include information from scat-
ter photons of other regions. This phantom
is comprised of a cylinder with 70 cm in
length and 20 cm in diameter, and a cen-
tral canal through which passes a plastic
tube filled with radioactive material. A
whole-body study can be simulated with
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this arrangement®™. The 3D acquisitions
were performed two hours after the 2D
acquisitionsto take advantage from the *°F
radioactive decay resulting in a reduction
to about one-half of theinitial activity. The
images acquired were reconstructed on a
Xelerisworkstation (GEMS), by means of
interactive ordered subset expectation
maximization (OSEM), with 21 subsets
and two iterations for the 2D mode, and
Fourier rebinning-OSEM (FORE-OSEM)
with 24 subsets and three iterations for the
3D mode.

Twenty-seven simulations were per-
formed over a one-year period. In this pe-
riod, the equipment was evaluated by
means of daily, weekly and quarterly qual-
ity control tests, according to the NEMA
recommendations. Theresultsof thesetests
are in compliance with the manufacturer
standards.

The set of images resulting from each
simulation were qualitatively analyzed on
the workstation by three experienced radi-
ologists who did not know the acquisition
modes utilized. Each observer attributed a
score 1 when at |east one of the sphereswas
not identified or in cases where the image
wasdubious, or 2for clearly visible spheres.

Thecontrast valuefor the smallest sphere
of each simulation was found through the
image quality test of the NEMA protocol.
It is defined as the relation between the
activity calculated by the count of the de-
signed region of interest (ROI) and thereal
activity. The contrast value in the “hot”
spheres is calculated according to the fol-
lowing formula®:

(CelCe) -1

(aglag) -1
where: C. = countsin the area correspond-
ing to thesmallest sphere; Cg = countinthe
area corresponding to the bg; ag = activity
concentration in the “ hot” sphere; a; = ac-
tivity concentration in the bg.

In the present study, only the contrast
vauesfor thesmallest (1cm) “hot” spheres
were utilized.

Initially, al the data collected were de-
scriptively analyzed. Subsequently, some
summary measures, such asmean, standard
deviation, among others, were calculated,
and boxplots were constructed for quanti-
tative variables™?.

e x 100%
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The qualitative variables (observers
scores) were analyzed through the cal cula-
tion of absolute and relative frequencies™.

The inferential analyses performed to
confirm or contradict the evidences found
by the descriptive analysiswere: block vari-
ances analysis, besides Bonferroni com-
parison, as necessary™®; and estimation of
generalized kappa coefficient of agree-
ment®4),

A level of significance & corresponding
to 5% was utilized to draw conclusions
through the inferential analyses.

The datawere appropriately storedinan
Excel 2000 worksheet for Windows, and
the software Statistical Package for Socia
Sciences (SPSS) version 11.0 for Windows
was utilized for statistical analysis.

RESULTS

Dataregarding contrast observed in the
1 cm sphere through the three acquisition
modes are shown on Table 1 and Figure 2.

The inferential results demonstrated
that the mean 1 cm sphere contrast (“hot”
sphere) ishigher inthe 2D acquisition mode
(p=0.014). Table 2 shows the comparison
of mean values of the different acquisition
modes for the 1 cm sphere contrast.

The evaluation of the interobserver
agreement asregardsthe spheresvisualiza-
tion was aso included in the present study.
The rates of interobserver agreement in
relation to the 2D-4-min, 3D-2-min and
3D-4-min acquisition modes were, respec-
tively, 63.0%, 77.8% and 88.9%.

Table 1 Summary measures of 1 cm sphere contrast (“hot” sphere) according to the acquisition mode.

Summary measures

Acquisition mode  Mean Median ~ Minimum Maximum SD
2D-4-min 0.623 0.270 -0.040 3.530 0.877
1 cm sphere contrast 3D-2-min 0.397 0.200 -0.010 1.720 0.476
3D-4-min 0.494 0.240 0.090 2.290 0.605

SD, standard deviation.

Table 2

Inferential results according to 1 cm sphere contrast (“hot” sphere).

Compared acquisition modes

Conclusion

2D-4-min  3D-2-min 2D-4-min > 3D-2-min (p = 0.014)

2D-4-min  3D-4-min 2D-4-min > 3D-4-min (p = 0.293)

3D-2-min  3D-4-min 3D-2-min = 3D-4-min (p = 0.622)
4,00
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Contraste da esfera de "lcm (esfera quente)
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Figure 2. 1 cm sphere contrast (“hot” sphere), according to the acquisition mode. The graphic demon-
strates the distribution of the summary measurements for different acquisition modes.
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Generalized kappa coefficient was es-
timated for quantifying thelevel of interob-
server agreement. Table 3 with these esti-
mates demonstrates a good interobserver
agreement.

The images obtained were individually
classified by each of the observersintovis-
ible (score 2) or non-visible (score 1). This
qualitative evaluation was performed for
thedifferent acquisition modes. The scores
distribution among the acquisition modes
is shown on Figure 3, where one can ob-
servethat the percentage of timeswhereall
the spheres were identified was highest
with the 3D-4-min acquisition mode. Ad-
ditionally, the number of timeswherethere
was difficulty in visualizing the spheres
with the 3D-4-min mode was three-fold
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lower than with the 2D-4-min mode and
two-fold lower than with the 3D-2-min
mode.

Correlation between image quality and
acquisition modes considering the category
variables (visible or non-visible spheres)
was determined by consensus among the
observers based on a single score for the
three acquisition modes on each simula-
tion. The results of this distribution are
shown on Table 4 and the image classifi-
cation aswell astheir respective scoresare
shown on Figure 4.

These data were evaluated through the
generaized kappa test whose results dem-
onstrate a moderate correlation among the
three acquisition protocols: 0.444 [0.227;
0.662].

Table 3 Punctual and interval estimates* of generalized kappa coefficients of agreement.

Acquisition mode

Coefficient of agreement Level of agreement’

2D-4-min
3D-2-min
3D-4-min

0.506 [0.288;0.724] Moderate
0.696 [0.478;0.914] Substantial
0.725 [0.507;0.942] Substantial

* 95% confidence interval, according to Fleiss®®. T Level of agreement according to Landis & Koch®®),

Table 4 Distribution of spheres visualization demonstrating the correlation between acquisition modes.

DISCUSSION

Nuclear medicine services with BGO-
based PET-CT scanners preferentialy uti-
lize the 2D acquisition mode which pro-
vides better image quality. However, a
higher FDG-8F activity is required in this
acquisition mode and, consequently, the
patient receives a higher radiation dose.

Studies comparing 2D and 3D acquisi-
tion modes have been developed aiming at
finding abalancein the utilization of these
technological resources with dose optimi-
zation. The 2001 version of the NEMA
protocol for testing image quality was de-
signed to s mulate whole-body studieswith
both acquisition modes, and for thisreason
this protocol was utilized in the present
study so that the patients were not unnec-
essarily irradiated.

The analysis of the tests results demon-
strated that the 2D acquisition mode pro-
vides a better contrast resolution for “hot”
spheres’. A similar result has been ob-
served by Bettinardi et al.*® and Mawlawi
et al., according to studies published in
2004, where these authors evaluated the
performance of the same PET/CT system

2D-4-min 3D-2-min 3D-4-min Total % utilized in the present study, considering
Visible Visible Visible 13 48% thI_SGQUI pment asefficient with both acqui-
. . . sition modes.
Non-visible Non-visible Non-visible 4 15% . . .
. . . A relevant issueto be considered isthat
Non-visible Non-visible Visible 5 19% . . .
. . - the patient bodily mass can influence the
Non-visible Visible Visible 4 15% . .
Visible Non-visible Visible 1 4% Image qua“ty' A SIUdy deveIOped by H
0 Fakhri et al.*") has concluded that BGO-
100% 2D - dmin 3D - 2min 3D - 4min
85% . 5 Q. - . -
80% .’ - - =
v’ simulagao 22
60%
1-2-2
40% simulagso 24
Pt N
20% o -
'"3‘ & simulagao 21
0% .
2D-4-min 3D-2-min 3D-4-min L I -j", y
Modos de aquisicao - R s (34 1| 1; "
A sim o
B Visivel M Na&o visivel ou duvidosa R

Figure 3. Scores distribution. The graphic demonstrates the scores distribu-
tion for each acquisition mode according to the observers.
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Figure 4. Images classification on different simulations. The figure presents
the variation of image quality in different acquisition modes, with examples of

the classification attributed to each simulation.
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based PET/CT scans produce similar re-
sultsin the detection of lesionswith differ-
ent sizes with both 2D and 3D acquisition
modes, but the 3D mode presents a better
performance in the detection of lesionsin
patients with body massindex < 33; onthe
other hand, the 2D mode is better for pa-
tients with body mass index > 34.

A study published by Visvikis et al.*®
in 2005 aso demonstrated that in studies
performed with BGO-based equipment the
images quality is similar with both the 2D
and 3D acquisition modes. In thisstudy, the
author has observed a correlation among
image quality, patient’s body weight and
acquisition time, and has demonstrated that
the increase in the patient weight leads to
aprogressiveloss of image quality in both
acquisition modes, but particularly with the
3D mode in patients weighting more than
70 kg.

Lodge et a. have compared 2D and 3D
acquisition modes in a PET scanner with
lutetium oxyorthosilicate crystal (L SO) and
have observed that the 3D acquisition
mode presented a better performance be-
cause of the crystal characteristics, allow-
ing a reduction of dose and acquisition
time’9),

Although LSO-based equipment is
more appropriate for 3D-acquisition, in-
creased patient weight leadsto alossinthe
image quality, so an extended acquisition
time is required to compensate this prob-
lem®,

Bettinardi et a. have evaluated the Dis-
covery STE with a new configuration of
BGO crystals, and have concluded that the
greatest advantage of the 3D acquisition
mode istheincrease in the system’s sensi-
tivity and the utilization of new reconstruc-
tion agorithms allowing an improvement
in the images quality, in the capability to
detect lesions and in the accuracy of the
method as compared with the 2D acquisi-
tion®Y.

Theresults of the present study demon-
strated a moderate correlation among the
2D-4-min, 3D-2-min and 3D-4-min acqui-
sition modes asregardsthe visualization of
“hot” spheres, generalized kappa coeffi-
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cient = 0.444 [0.227;0.662], highlighting
the 3D-4-min acquisition mode, where all
the spheres were visible for the highest
number of times (85%). Therate of interob-
server agreement was higher with the 3D-
4-min than with the other acquisition
modes (88.9%), with a generalized kappa
coefficient = 0.725 [0.507;0.942]. These
resultsare significant becausethey indicate
that the 3D acquisition mode can be uti-
lized with BGO-based PET/CT scanners
for patients whose thorax dimensions are
similar to the phantom’s. Based on the re-
sults of the present study, the authors could
establish protocols with lower FDG-8F
activity, which will be very useful in the
case of pediatric patients.

CONCLUSION

The experimental study has demon-
strated that thereisnolossinimaging qual -
ity with the utilization of the 3D acquisi-
tion modewith half the administered activ-
ity The 3D-4-min acquisition mode has
allowed the spheres visualization in the
majority of tests, so this technique can be
utilized asastrategy to reduce the FDG-6F
activity delivered to patientswith abiotype
similar to the phantom.

Theresults of the present study suggest
that the proposed 3D-4-min acquisition
mode with BGO-based PET/CT scanners
will alow a reduction in the radiation ac-
tivity and, consequently, lower irradiation
dosesto the patient, affecting especialy the
application of PET in pediatrics.
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