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Summary

Purpose: This work aimed at quantifying the
gains in spatial resolution and noise that could
be achieved when using resolution modelling
based on a multi-ray approach and additionally
the Statistical and Heuristic Noise Extraction
(SHINE) method in human pinhole single
photon emission tomography (PH-SPECT).
Methods: PH-SPECT of two line phantoms and
one homogeneous cylinder were recorded
using parameters suited for studies of the
human neck area. They were reconstructed
using pinhole dedicated ordered subsets ex-
pectation maximisation algorithm including a
resolution recovery technique based on 7 or 21
rays. Optionally, the SPECT data were SHINE
pre-processed. Transverse and axial full widths
at half-maximum (FWHM) were obtained from
the line phantoms. The noise was quantified
using the coefficient of variation (COV) derived
from the uniform phantom. Two human PH-
SPECT studies of the thyroid (a hot nodule and
a very low uptake) were processed with the
same algorithms. Results: Depending on the
number of iterations, FWHM decreased by 30
to 50% when using the multi-ray approach in
the reconstruction process. The SHINE method
did not affect the resolution but decreased the
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COV by at least 20% and by 45% when com-
bined with the multi-ray method. The two
human studies illustrated the gain in spatial res-
olution and the decrease in noise afforded both
by the multi-ray reconstruction and the SHINE
method. Conclusion: Iterative reconstruction
with resolution modelling allows to obtain high
resolution human PH-SPECT studies with re-
duced noise content. The SHINE method affords
an additional noise reduction without compro-
mising the resolution.

Schliisselworter

Bildrekonstruktion SPECT mit Pinhole-Kollima-
tor, SPECT-Gerateausstattung, Algorithmen,
Schilddriise

Zusammenfassung

Ziel: Mit dieser Arbeit sollen die Verbesserungen
der rdumlichen Auflésung und des Bildrau-
schens quantifiziert werden, die mithilfe eines
Bildauflésungsmodells auf der Grundlage des
Mehrstrahl-Ansatzes zusammen mit der SHINE-
Methode (Statistical and Heuristic Image Noise
Extraction = statistische und heuristische
Rauschunterdriickung bei bildgebenden Verfah-
ren) bei der Einzelphotonen-Emissions-Tomo-
graphie mit Pinhole-Kollimator (PH-SPECT) am
Menschen erreicht werden. Methodik: Es wur-
den PH-SPECT von zwei Linien-Phantomen und

Verbesserte Auflésung und geringeres Bildrauschen
bei der Einzelphotonen-Emissions-Tomographie
(SPECT) mit Pinhole-Kollimator am Menschen unter
Verwendung des Mehrstrahl-Ansatzes und der
SHINE-Methode
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einem homogenen Zylinder-Phantom unter
Verwendung von Parametern, die sich zur Un-
tersuchung der menschlichen Halsregion eig-
nen, aufgenommen. Sie wurden mit Hilfe des
0S-EM (Ordered Subsets Expectation Maximi-
sation)-Algorithmus mit  Pinhole-Kollimator
einschlieBlich einer auf 7 oder 21 Projektions-
strahlen basierten Wiederherstellungsmethode
fir die Auflésung rekonstruiert. Wahlweise
wurden die SPECT-Daten zuvor mit der SHINE-
Methode bearbeitet. Diagonale und axiale
Halbwertsbreiten (Full Widths at Half-Maxi-
mum — FWHM) erhielt man durch die Linien-
Phantome. Das Bildrauschen wurde mit dem
Varianzkoeffizienten (Coefficient of Variation —
COV) quantifiziert, der vom homogenen Phan-
tom abgeleitet wurde. Mit denselben Algorith-
men wurden zwei PH-SPECT-Untersuchungen
der Schilddriise am Menschen (ein heier Kno-
ten und eine sehr schlechte Aufnahme) bear-
beitet. Ergebnisse: Je nach Anzahl der Iteratio-
nen verringerte sich die F'WHM um 30 bis 50 %,
wenn beim Rekonstruktionsprozess der Mehr-
strahl-Ansatz verwendet wurde. Die SHINE-
Methode hatte auf die Auflésung keine Auswir-
kungen, reduzierte jedoch den COV um min-
destens 20 % und in Kombination mit der
Mehrstrahl-Methode sogar um 45 %. Die zwei
Untersuchungen am Menschen zeigen auf,
welche Verbesserung bei der raumlichen Auflo-
sung erreicht wurde und wie stark das Bildrau-
schen sowohl durch die Mehrstrahl-Rekon-
struktion wie auch durch die SHINE-Methode
reduziert werden kann. Schlussfolgerung: Eine
iterative  Bildrekonstruktion mit  Bildauf-
I6sungsmodell ermdglicht eine hohe Auflésung
bei PH-SPECT-Untersuchungen am Menschen
bei gleichzeitig reduziertem Bildrauschen. Die
SHINE-Methode erzeugt eine zusétzliche
Rauschunterdriickung, ohne dabei die Auf-
|6sung zu beeintrachtigen.
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Tab. 1
pinhole aperture diameter 5 mm)

Acquisition parameters for the phantom and patient data (projection matrix size 128 x128;

phantom/patient  orbit extend radius (cm)  tilt angle (°)  hardware zoom
2 lines 360° 5.82,10.7 0 2
13 lines 180° 10.9 0,20 1
cylinder 180° 1 0,20 1
hot nodule patient 180° 12.3 22.8 1
low uptake patient 180° 10.2 24.7 2

2 also with 3 mm pinhole aperture

In human, the pinhole collimator (PH) has
been shown to allow single photon emission
tomography (SPECT) of small field of views
(FOV) with a higher spatial resolution than
does the parallel hole collimators (15,21, 24).
However, PH and parallel hole collimators
suffer from the same trade-off between resol-
ution and sensitivity. For PH thereis a supple-
mentary trade-off between resolution and
FOV size (2, 25):

the higher the spatial resolution required,

the smaller the pinhole aperture and

the smaller the radius-of-rotation, and

the smaller the FOV size.

46 uuM
X //

a)

Fig. 1 13-lines phantom

Using either the point spread function (20) or
a multi-ray technique (23), interesting im-
provements in resolution have been demon-
strated for the small pinhole apertures (1-3
mm) and rotation radii (<5 c¢cm) used for
small animal explorations. In addition, these
resolution recovery techniques have the po-
tential of decreasing the noise content of the
reconstructed images. In human, PH-SPECT
is generally applied with a 180° orbit instead
of the 360° orbit used for small animals PH-
SPECT and also with a larger rotation radius
(6,15,21,24). Moreover, for neck area explo-
ration a moderately tilted detector is needed

a) 3D sketch: Lines 1 and 2 were used to measure the resolution in the transverse plane and line 3 in the

axial direction (z-axis) on the reconstructed images.

b) Maximum intensity projection views after 4 iterations: reconstruction with 8 subsets, eventually
SHINE pre-processing of the projections (lines 2 & 4), and standard OSEM (RR1) or multi-ray OSEM with
7 (RR7) or 21 rays (RR21); camera head without tilt (lines 1 & 2) or with 20° tilt angle (lines 3 & 4)
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to avoid the shoulders (6, 24). In addition,
larger PH apertures (4-7 mm) are used to en-
sure reasonable sensitivity (6, 15, 21, 24).
Nevertheless, the noise content of the image
remains high.

Iterative reconstruction methods like the
ordered subsets expectation maximisation
(OSEM) have been advocated to replace the
3D filtered back-projection based algorithms
(22, 27). Tterative techniques require a suffi-
cient number of iterations to allow contrast
recovery in all image areas with the concomi-
tant drawback of increasing noise generation
in the reconstructed slices (18). Human PH-
SPECT would therefore largely benefit from
resolution recovery techniques but also from
any possible additional noise reduction
method.

In this work, we explored OSEM recon-
struction with multi-ray method in the
framework of PH-SPECT performed with
parameters suitable for human explorations:
pinhole aperture of 5 mm, rotation radius of
atleast 10 cm and optional moderate (15-25°)
tilt of the camera head. In parallel, the poten-
tial of the Statistical and Heuristic Noise
Extraction (SHINE) method (7) to reduce the
Poisson noise has also been explored.

Material and methods
Acquisitions

All acquisitions were performed with a SMV
DSX camera (Sopha Medical Vision, Buc,
France). The pinhole collimator was a cone of
20.5 cm height and 29.5 cm base diameter. Its
aperture diameter was 5 mm in all but one ac-
quisition (line phantom, 360° orbit with the
smallest radius) where the 3 mm-diameter
aperture was also used. Single circular orbits
were used. The orbit radius (R) is defined as
the distance from the pinhole aperture to the
camera axis of rotation (AOR). It was calcu-
lated from the camera rotation radius using
the procedure previously described (15). R
values were in the range 5.8 — 12.3 cm (P> Tab.
1). For acquisitions with a tilted camera head,
the tilt angle (T) was read from the camera. T
values were in the range 18.2° — 24.7° (P> Tab.
1). The energy window was centred at 140
keV for technetium-99m or at 159 keV for
iodine-123 and extended over 20%. Projec-
tions were acquired in a 128X 128 matrix.
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Hardware zoom of two was used for some ac-
quisitions (P Tab. 1). 32 projections were rec-
orded for 180° orbit and 64 projections for
360° orbit (P> Tab. 1).In order to avoid the ad-
ditional artefact that could be generated by
the incomplete 180° orbits and to get a point
of comparison with previous works (15, 16,
22, 23), some acquisitions of the two lines
phantom were performed with 360° orbits,
no tilt and the smallest available pixel size
(128128 matrix and hardware zoom two)
on the DSX camera. All other acquisitions
used a 180° orbit.

Phantom studies

Two capillary line phantoms were used. Cap-
illary inner diameter was 0.4 mm. The first
one consisted in two parallel lines separated
by (23.5+ 0.5) mm (20.0 £ 0.5 mm horizon-
tally and 12.5 £ 0.5 mm vertically). One line
was positioned along and close to (within 1
mm) the AOR. The second line phantom
(> Fig. 1a) comprised 13 lines (16). The two
base lines (lines lying in the Y, Z plane of »Fi-
gure la) and the AOR were in the same hori-
zontal plane in such a way that the vertical
plane containing the AOR was a mirror plane
of the phantom. The AOR was identical to the
z-axis in P> Figure la. A Plexiglas cylindrical
phantom of 70 mm inner diameter and 40
mm inner height was also used. It was filled
with an aqueous solution of 185 MBq *™T¢
and its axis was parallel and close to (within 5
mm) the AOR. The acquisition time per pro-
jection was set in order to accumulate at least
200 keounts in each projection. All phantoms
were filled with technetium-99m aqueous
solutions.

Patient studies

A man (age: 52 years) with a single hot nodule
on the thyroid right lobe was injected with 37
MBgq iodine-123 and the acquisition was per-
formed with steps of 50 s and no hardware
zoom. A woman (age: 64 years) was injected
with 180 MBq pertechnetate (*™Tc). This pa-
tient demonstrated very low thyroid uptake.
The acquisition was performed with steps of
40 s and a hardware zoom of two.

© Schattauer 2009

SHINE processing

SHINE processing of the projections was per-
formed on a Segami Mirage workstation (Se-
gami Corporation, MD). Interfile files were
used to import to and export from this work-
station. The SHINE method proceeds as fol-
lows (7). The noisy original image is divided
into blocks of 4Xx4 pixels. Correspondence
analysis is performed on the blocks, yielding
4 x4 basis patterns called factors. Each block
in the image is then reconstructed from the
subset of factors that significantly contribute
to the signal variance in that block. This sub-
set is defined by assuming that the pixel vari-
ance within the block is equal to the sum of
the signal variance and of the noise variance.
Factors are added one by one to the subset
until the residual variance, which is defined as
the initial variance minus the reconstructed
block variance, is found significantly lower
than the noise variance using a classical vari-
ance comparison test. To avoid block arte-
facts, the procedure is repeated several times
using a sliding window to divide the image
into blocks. The final image is the mean of the
images obtained for the various windows.

Reconstructions

Reconstructions were performed on a Macin-
tosh iBook G4 laptop using the pinhole
OSEM software described elsewhere (22, 23).
In this software, the pinhole aperture is mod-
elled as a geometrical point or as a circular
aperture of finite size using a 7 or 21 rays
method. Projections and backprojections are
performed along these rays with a weighting
factor. There is always one ray passing
through the centre of the pinhole aperture.
The 6 or 20 other rays pass through points
regularly spaced along one (7 rays) or two (21
rays) circles centred on the pinhole aperture
centre. The weighting factor depends only on
the circle that the ray is crossing. No filter was
applied prior to, during or after the recon-
struction. There was no attempt to correct for
attenuation or scatter. All reconstructions
were performed without and with SHINE
preprocessing of the projections. The subsets
contained always four projections. Results
will be given in term of equivalent number of
MLEM iterations (iMLEM) calculated as the
number of subsets times the number of iter-

ations. All data were reconstructed for
iMLEM = 8, 16, 24, 32, 40 and 48. The soft-
ware allowed free choice of the reconstructed
voxel size. If not otherwise stated, isotropic
voxels of 1 mm-side length were selected. Re-
constructed data were automatically saved as
transverse slices in Interfile 3.3 files.

Image analyses

A Medical Image Data Examiner (Amide,
0.8.19, Andy Loening) freeware running on
the same Macintosh laptop was used for
further analysis of the reconstructed images.
The profile tool of this software was used to
calculate the profile maximum and full width
at half-maximum (FWHM) on capillary line
images. The profile maximum position was
taken as an estimate of the line position. The
FWHM was measured on lines 1 and 2 in the
two directions of the transaxial planes and on
line 3 in the axial direction of the coronal
planes (»Fig. 1a). The FWHM measured in
the transaxial planes were averaged for sake of
clarity of the graphs. The ROI drawing and
ROI statistics tools of AMIDE were employed
to obtain mean and standard deviation in 3D
regions of interest (ROI). For the cylinder
phantom, the ROI was a cylinder of 12-mm
tall and 40-mm diameter. For the hot nodule,
a volume isocontour ROI was generated as
follows. The reconstruction with the highest
overall resolution (48 iMLEM) and SHINE
pre-processing of the projections was selected
and the isocontour threshold was set at 30%
of the volume maximum. The ROIs were
saved and automatically reported on all data
sets obtained with the other reconstruction
conditions. The standard deviation-to-mean
ratio was defined as the coefficient of vari-
ation (COV) for the uniform cylinder phan-
tom. For the hot nodule it could not be guar-
anteed that the iodine uptake in the selected
area of the nodule was homogeneous. There-
fore the standard deviation-to-mean ratio
was not called COV.

Results

Reconstruction time

The total reconstruction time depended
largely on the option used to model the pin-
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hole aperture. With the laptop used and for
the 180° orbit acquisitions (32 projections
and 8 subsets), the following approximate
values were observed. For the single ray op-
tion, the first iteration, which includes the
computation of the OSEM normalisation
matrix, lasted 30 s and each subsequent iter-
ation needed 20 s. For the multi-ray options,
the reconstruction times were one order of
magnitude larger:

= 5min with 7 rays or 9 min with 21 rays for
the first iteration and

= 3min with 7 rays or 5 min with 21 rays per
subsequent iteration.

Phantom studies

For the 2 lines phantom, a 360° orbit and two
radius (5.8 and 10.7 cm) were used. The dis-
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Fig. 2 Mean full width at half-maximum in the transverse plane; eventually SHINE pre-processing of
the projections, and standard OSEM (RR1) or multi-ray OSEM with 7 (RR7) or 21 rays (RR21)

a, b) as a function of the number of equivalent MLEM iterations; acquisition parameters: 360° orbit, 64
projections (A: pinhole aperture in mm; R: pinhole radius in cm); reconstruction with 16 subsets, a) line

on camera rotation axis; b) line off axis.

¢, d) on line 1 (L1) or 2 (L2) of the 13-lines phantom as a function of the number of equivalent MLEM
iterations; reconstruction with 8 subsets; c) no tilt, d) camera head tilted by 20°
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tances between the lines measured on the re-
constructed images were slightly lower than
the true distances but the differences never
exceeded 5%. For each line, each rotation
radius and each reconstruction method,
similar FWHMs were obtained along the x-
and y-axis. The averaged x- and y-axis values
(mean FWHM in the transaxial plane) are
presented for the line located on the AOR and
for the line located off-axis obtained for R =6
and 11 cm (P> Fig. 2a). FWHM issued from
the 7 and 21 rays method were in most cases
so close to each other that the results for one
of the methods was arbitrarily omitted from
the graphs for sake of clarity. The acquisition
with the shortest radius was repeated with the
3-mm aperture. These data were recon-
structed with the single ray option and the
FWHMs were measured (P Fig. 2a). While
nearly constant for the one ray method, the
FWHM generally decreased with the increase
in the number of iterations for the 7 and 21
rays methods. For R = 6 cm, the multi-ray
method decreased the FWHM by 30% for
iMLEM = 16 and up to 36 % for iIMLEM = 48.
For R = 11 cm, the decrease in FWHM
amounted to 33% for iMLEM = 16 and up to
44 % for IMLEM = 48. Pre-processing of the
projections with SHINE changed the recon-
structed FWHM by less than 0.15 mm. It was
observed that FWHM of the off-axis line
(P Fig. 2b) was lower than the FWHM of the
on-axis line (P-Fig. 2a) especially for the
shortest rotation radius.

For the 13 lines and the cylindrical phan-
toms, the orbits were limited to 180° and the
radius was fixed at 11 cm. An acquisition was
also performed with a camera head tilted by
20°. Reconstructed images of the 13 lines
phantom are presented as 3D maximum in-
tensity projection (P Fig. 1b). The measured
distances between any two lines of the phan-
tom on the reconstructed images matched the
true distances between these lines within 5%
in the x- and y-directions and within 7% in
the z-direction. FWHMs in the transverse
plane were measured on lines 1 and 2 (P Fig.
2¢). Again, FWHMs issued from both multi-
ray methods were so close to each other that
the results for one of the methods were arbit-
rarily omitted from the graphs for sake of
clarity. The higher the number of iterations,
the lower the axial FWHM for the multi-ray
methods (P>Fig. 3a). For the single ray
method, the evolution of the FWHM with the
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Fig. 3  Function of the number of equivalent MLEM iterations.; reconstruction with 8 subsets, eventually SHINE pre-processing of the projections, and stan-
dard OSEM (RR1) or multi-ray OSEM with 7 (RR7) or 21 rays (RR21); a, ¢) no tilt; b, d) camera head tilted by 20°

a, b) full width at half-maximum in the axial direction measured on line 3 of the 13-lines phantom
¢, d) coefficient of variation measured on the cylinder phantom

e) standard deviation-to-mean ratio measured on a patient hot thyroid nodule

number of iterations was dependent on the
line position and the direction. Preprocessing
of the projections with SHINE changed the
FWHM by less than 0.2 mm in most cases.
The only exception was noticed for line 2 for
which the transverse FWHM was increased
by 0.4-0.5 mm (P> Fig. 2d) when SHINE was
applied to the projections acquired with the
tilted camera. For IMLEM = 32, the decrease
in FHWM obtained by the multi-ray meth-
ods exceeded generally 45%. The decrease in
FWHM was limited for line 2 to 37% in the
x-direction with the tilt.

The COV was measured over twelve con-
secutive reconstructed slices of the cylindrical
phantom for acquisitions without and with a
tilted camera head. The COV increased with
the number of iterations (P Fig. 3¢). The re-
sults for IMLEM = 32 were the followings.
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The COV obtained with the single ray
method applied to the raw projections
amounted to 15.8% without tilt and to 13.8%
with tilt. Reconstruction of the raw projec-
tions with the multi-ray methods reduced the
COV to 11.2% without tilt and to 10.2% with
the tilt. This corresponded to relative de-
creases in COV of 29% and 26%, respectively.
Reconstruction with the single ray method of
the SHINE preprocessed projections de-
creased the COV to 7.2% without tilt and to
8.6% with tilt. This corresponded to relative
decreases in COV of 54% and 37%, respect-
ively. Reconstruction with the multi-ray
methods of the SHINE preprocessed pro-
jections decreased the COV to 6.2% without
tilt and to 6.9% with tilt. This corresponded
to relative decreases in COV of 60% and 50%,
respectively.

For the other numbers of iterations con-
sidered in the study and when compared to
the single ray method applied to the raw data,
the multi-rays methods applied to the raw
data afforded a relative decrease in COV of at
least 20% and the multi-rays method applied
to the SHINE preprocessed projections af-
forded a relative decrease of at least 45%.

Patient studies

The standard deviation-to-mean ratio was
also measured on the reconstructed slices of a
patient presenting a hot thyroid nodule
(> Fig. 3e). The multi-ray methods reduced
the ratio and SHINE preprocessing of the
projections afforded a supplementary reduc-
tion of the ratio.
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+ SHINE

Fig. 4 Reconstructed coronal slice of the pa-
tient's thyroid with very low uptake obtained after
5 iterations with 8 subsets; from left to right: stan-
dard OSEM (RR1), multi-ray OSEM with 7 rays
(RR7) or multi-ray OSEM with 21 rays (RR21);
upper row: no pre-processing; lower row: SHINE
pre-processing

A patient demonstrating a very low thy-
roid uptake was also imaged (P Fig. 4). The
impact of SHINE pre-processing of the pro-
jections is clearly highlighted as well as the
benefit in resolution from the multi-ray
method. In this patient, the 21 rays method
allowed to obtain images of higher visual
quality in spite of the very low number of ac-
quired counts per pixel in the projections (a
maximum of 10 counts was recorded in the
hottest pixel of the anterior projection).

Discussion

Acquisitions parameters used in published
patient studies of the neck area (6, 21, 24)
were in the following ranges: 4 to 5 mm for
the pinhole aperture diameter, 32 projections
over 180° for the orbit angular extend, 8 to 15
cm for the rotation radius, 15 to 25° for the tilt
angle. Depending on the camera used, the
projection matrix was either 64X64 or
128% 128 with or without hardware zoom.
These values have guided the choice of the ac-
quisition parameters made in this study
(> Tab. 1). The single orbit does not allow
collection of data that satisfy the Tuy’s condi-
tion (18,23). However, many studies on small
animals are performed with this kind of or-
bits and the OSEM algorithm allows to obtain
from these imperfect data high quality recon-
structed images (19, 25).

For both 360° and 180° orbits, the distance
between the lines measured on the recon-
structed images were very close to the true
ones. The differences amounted to utmost
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5% in the transaxial plane and to 7% in the
axial direction. It should be noted that no
sophisticated calibration procedure (3,4) was
used in this study. These small observed dif-
ferences are comparable to those observed in
previous works with the same equipment (15,
16).

Full 360° single circular orbit and a non-
tilted camera head were used to obtain the
projections of the 2 lines phantoms. ForR=6
cm, the single ray method allowed to obtain
FWHM in the range 4.5-5 mm with the 5 mm
pinhole aperture and in the range 3.5-4 mm
with the 3-mm aperture (P>Fig. 2a). The
multi-ray method decreased the FWHM ob-
tained with the 5 mm aperture below the
FWHM obtained with the 3 mm aperture and
the single ray method (P>Fig. 2a). As this
work aimed at acquisition parameters suit-
able for human studies, the multi-ray method
was not applied to the 3 mm aperture acquisi-
tion. Even with R = 11 cm, the multi-ray
method decreased the FWHM for the 5 mm
aperture below the FWHM recorded for the
3-mm aperture and the smaller rotation
radius of 6 cm (P-Fig. 2a). The FWHM ap-
peared to be lower for the off-axis line than
for the on-axis line (P>Fig. 2a). During the
camera rotation, the line-to-pinhole opening
distance was constant for the on-axis line but
varied for the off-axis line. It resulted that this
line provided higher counts with higher res-
olution near the collimator and lower counts
with lower resolution far from the collimator.
This could explain the FWHM differences
observed between the two lines.

As discussed, the acquisition parameters
used for the 13 lines phantom are typical of
parameters suitable for explorations in hu-
mans. The rotation radius was of 11 cm and
the acquisitions were performed without and
with a tilted camera head. The tilt angle was
fixed at 20°. The reconstructed images de-
livered by all reconstruction methods were of
high quality (> Fig. 1b). For the single ray
method, the FWHM in the transverse plane
(> Fig. 2¢, d) were similar to those obtained
with the full 360° orbit and the same rotation
radius (R = 11 cm). They were also very close
to the FWHM measured with the same
equipment and same acquisition parameters
for this phantom in a previous work (16). Re-
construction with the multi-ray method de-
creased the FWHM by more than 30% for
iMLEM equal to 16. When more iterations

were used, the decrease was higher and could
amount to 50%. The multi-ray reconstruc-
tion technique delivered images with less
noise content (P Fig. 3¢, d). This has been ob-
served by others both in SPECT (with parallel
[1, 26] and pinhole collimators [23]) and in
PET (10, 11) when the detector point spread
function is properly modelled.

The SHINE method (7) was chosen after a
preliminary comparison of three noise re-
duction techniques:

« Gaussian post-filtering of the recon-

structed images (15),

- Bayesian iterative reconstruction using
the median root prior (18, 19) and
- SHINE.

SHINE demonstrated to be largely superior
in effective noise reduction without nearly
compromising the spatial resolution. There-
fore the two other techniques were not
further considered. The noise of SHINE pro-
cessed projections is no more Poisson noise.
We could observe this by applying SHINE to
several intrinsic flood images of low numbers
of counts per pixel obtained with the camera
used in this study. The original pixel value
distribution followed the Poisson law as ex-
pected. The SHINE processed images showed
a distribution that was close to a Gaussian
one. However, SHINE processed projections
collected with parallel hole collimators have
been reconstructed using OSEM without any
detectable artefact (7).

For both line phantoms (P> Fig. 2), SHINE
preprocessing of the projections had insig-
nificant influence on the FWHM whatever
being the orbit extent (180° or 360°) or the tilt
angle of the camera head (no tilt or 20° tilt).

The reduction in noise afforded by resol-
ution recovery in the reconstruction algo-
rithm and by SHINE preprocessing of the ac-
quired projections is clearly demonstrated on
patient data (P> Figs. 3e and 4). The trends in
the curves of the standard deviation-to-mean
ratio against iIMLEM (P>Fig. 3e) and in the
curves of COV against IMLEM (P Fig. 3¢, d)
were similar. The large improvement in image
quality afforded by the multi-ray and SHINE
methods is furthermore supported by images
of the patient with a low thyroid uptake
(P> Fig. 4). The images obtained without ap-
plying resolution recovery were of very poor
quality, in contrast to the images obtained
when using the multi-ray resolution recovery
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method. Moreover, SHINE preprocessing of
the projections allowed to reconstruct images
with lower noise content, confirming the ap-
plicability of SHINE even on data with very
poor counting statistics (7). However, the im-
ages of P> Figure 4 demonstrated a clear visual
superiority of the 21-rays method over the
7-rays method. Such differences were not ob-
served for the phantoms. This would recom-
mend to use the 21-rays method for the study
of more complex objects or of patients.
Several groups have demonstrated the
clinical advantages of PH-SPECT for the study
of thyroid and parathyroid glands, of lymph
nodes and of small bones (5, 17). Most of these
studies were performed with cameras from the
eighties or the nineties. As pointed out in a re-
cent publication (5), most of these groups, in-
cluding ourselves, are actually facing a major
difficulty: modern y-cameras do not allow
SPECT acquisition with a pinhole collimator
and, or a titled head. This comes mainly from a
software limitation that the user can hardly
overcome without an active support of the
constructor. An easy solution to this problem
would be the availability from the constructors
of an optional package allowing PH-SPECT
acquisitions. A longer but maybe more effi-
cient way would be the development of a dedi-
cated system. Such a system should ideally in-
corporate the latest developments in small-
animal and human SPECT (14). For example,
the multi-pinhole collimators allow superior
sensitivity-resolution trade-offs (2, 12) and
SPECT-CT has been shown interesting for the
exploration of small organs like the parathy-
roid glands (8, 13). A high spatial resolution
could also be very interesting in the field of the
ablation of the thyroid remnant tissues with
radioactive iodine. Indeed, it has been demon-
strated that an accurate determination of the
mass and the shape of these tissues was a criti-
cal point for the dosimetry to these tissues (9).

Conclusion

For the reconstruction of PH-SPECT data ac-
quired in conditions representative of patient
studies, an iterative algorithm (OSEM) in-
cluding a multi-ray method led to large im-
provements (at least 30%) in the recon-
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structed resolution. The preprocessing of the
projections with the SHINE noise reduction
technique did not alter the reconstructed res-
olution but improved the COV by at least
20%. When combining SHINE with the res-
olution recovery method, the COV was de-
creased by a minimum of 45%. Improve-
ments in resolution and signal-to-noise ratio
were illustrated with two human thyroid
studies.
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