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PID inclassable familiale chez un patient de 
56 ans

Imagerie Haute-Résolution du parenchyme pulmonaire
• Imagerie du poumon normal

• Imagerie du poumon pathologique

Limitations actuelles du scanner conventionnel
• Résolution spatiale 

• Résolution en contraste

• Dose de rayons X

Douleur thoracique chez un patient de 61 ans
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This confirms that the developed detector is capable of handling
the fast acquisition times and high photon fluxes necessary for
patient scanning. Further, the resolution agrees well with what
we have previously seen in single-sensor tabletop experiments,
showing that multiple sensors can be tiled into a full-field-of-
view detector while maintaining resolution performance.

Looking at Fig. 4, it is evident that the resolution of the
system is due both to the smaller detector pixels and the focal
spot; a smaller focal spot alone would not have resulted in a
considerable improvement in a state-of-the-art system for which
the pixel MTF decays twice as fast as in our prototype. Although
this is an intrinsic feature of smaller pixel size (with the same
resolution benefit expected regardless of the detector type),

achieving the same results with an energy integrating detector
would be difficult for two reasons. First, the relative area taken
up by the reflective layers between individual scintillator crys-
tals in an energy integrating detector increases with smaller pix-
els, resulting in an expected lower dose efficiency and thereby
more noise. Second, in an energy integrating detector there is
no ability to discriminate and filter out electronic noise using
a low-energy threshold, as is done in a photon-counting detector,
which is also expected to increase the relative noise level if
moving toward smaller pixel size.

The dip at low frequencies seen for the pixel MTF in
Fig. 4 likely stems from the wide but low-intensity (a few per-
cent of maximum) shoulders in the pixel response function
seen in Fig. 1. These are not an artifact but rather attributed
to scatter in the detector. However, due to the small absolute
magnitude the shoulders, their effect on the MTF becomes sen-
sitive to measurement noise and normalization. Therefore, the
dip at low frequencies may be exaggerated in the edge measure-
ment, as suggested by the higher values of the MTF obtained
from the reconstructed image compared to the combined system
MTF at frequencies below 10 cm−1. The MTF shape is consis-
tent with the expected effect of secondary interactions of
Compton scattered photons, namely, to superimpose an image
blurred by a wide kernel on top of the image of primary
interactions. This preserves the largest image features, i.e., the
spatial frequencies close to zero, while suppressing contrast for
medium-sized and small features.

The effect of charge sharing is less readily visible from the
pixel MTF in Fig. 4, but its existence can be inferred from the
energy-dependence of the in-plane pixel response. The horns
visible in the low-energy-bin PSF in Fig. 2 shows that photons
interacting near the boundary between two pixels are registered
as two low-energy photons, one in each of the two pixels, rather
than as a single high-energy photon. This effect has previously
been predicted in simulations of charge sharing in photon-count-
ing detectors.41–44 An interesting consequence of charge sharing
is that the resolution becomes dependent on the energy thresh-
old, as the broadening of the PSF takes place in the low-energy

Fig. 4 MTFs from edge scans corresponding to pixel response, focal
spot profile and their product projected at the isocenter. In addition,
the MTF as measured from the PSF of the reconstructed image of
a wire is shown.

Fig. 5 Catphan 714 line pair images. (a)–(d) 12 to 30 lp∕cm on the prototype system, reconstructed
from two revolutions. (e) and (f) 12 to 19 lp∕cm on the state-of-the-art system, dose matched to
(a)–(d). (g) and (h) 20 to 30 lp∕cm on the prototype scanner reconstructed at twice the dose of
(a)–(d). (a), (b), (e), and (f) Reconstructed with 0.098-mm pixel size; (c), (d), (g), and (h) reconstructed
with 0.059-mm pixel size.
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Avantages potentiels du scanner à comptage photonique pour l’imagerie 
thoracique

• Amélioration de la résolution spatiale 

• Amélioration de la résolution en contraste

• Diminution du bruit électronique

• Réduction des doses de rayons X

S-Mohamed et al. Review: Spectral Photon-Counting CT technology in Chest Imaging. In revision. JCM 2021
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1. Caractériser un prototype clinique de scanner spectral à comptage photonique

2. Evaluer la faisabilité sur fantôme pour l’imagerie du nodule pulmonaire à dose 

standard, basse dose et ultra-basse dose

3. Evaluer la faisabilité chez un volontaire sain à dose normale et basse dose

Objectifs
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Matériel
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Matériel – Imagerie du nodule

Fantôme QRM anthropomorphique (WED=21.3 cm)

• 1 nodule solide (20 HU à 120 kVp)
• 1 nodule mixte (périphérie: -795 HU, centre: 50 

HU à 120 kVp)

Acquisition 
• 120 kVp, 63 mAs : standard
• 120 kVp, 11 mAs : basse dose
• 80 kVp, 3 mAs : ultra-basse dose
• Pitch : 1.03 
• Temps de rotation : 0.33 s
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Résultats – Imagerie du nodule

Reconstruction

• Matrice UHR à 1024, FOV à 300 mm

• Epaisseur de coupe : 0.25 mm pour 
basse et standard dose

• Epaisseur de coupe à 1 mm pour 
ultra-basse dose (80 kVp, 3 mAs)
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pt]khsx� v]r � q]sdc� trhmf� ]� 3©onhmsr� Khjdqs� rb]kd� %09� mns� du]kt]akd)� 39� etkkx� hmsdqoqds]akd
vhsg� mn� ]qshe]bsr� nq� mnhrd(,� Mnhrd� ]mc� ktmf� rsqtbstqdr� hl]fd� pt]khsx� vdqd� q]sdc� trhmf
] � 4©onhmsr� Khjdqs� rb]kd� %09� tm]bbdos]akd)� 49� dwbdkkdms(,
ROBBS9� rodbsq]k� ognsnm©bntmshmf� bnlotsdc� snlnfq]ogx,

dkdbsqnmhb� mnhrd� ]r� ognsnmr� ne� knv©dmdqfx� %]qntmc� 1/’14� jdU(,� Ax
�whmf� sgd� knvdq� sgqdrgnkc� ne� cdsdbshnm� ]s� ]� u]ktd� ghfgdq� sg]m� sghr
dmdqfx� q]mfd� %d,f,)� 2/� jdU� nm� sgd� btqqdms� rxrsdl()� sgd� dkdbsqnmhb
mnhrd� vhkk� mns� ad� qdbnqcdc� Z2)6)7[,� Sgdrd� jdx� ed]stqdr� dwok]hm� sgd
onsdmsh]k� ne� ROBBS� sdbgmnknfx� hm� GQ� ktmf� hl]fhmf� ]r� ghfgkhfgsdc� hm
sghr� rstcx,� Ehqrs)� LSE � odqenql]mbd� v]r � qdonqsdc� 0/fl� ]s� 11,2� ko.bl
vhsg� ]� bts©nee� ]s� 20� ko.bl,� Du]kt]shnm� ne� ]� khmd� o]hq� og]msnl
cdohbsdc� ]� 067��l� khmd� vhcsg� vghbg� hr� hm� khmd� vhsg� ognsnm©bntmshmf
cdsdbsnq� dwodbs]shnmr� Z3)13)14[,� Cdrohsd� sgd� ghfg� odqenql]mbd� ]mc
adb]trd� ne� hmsqhmrhb� khlhs]shnmr� ne� LSE � du]kt]shnm� %d,f,)� ghfg� q]ch]©
shnm� cnrd� vhsg� ]� ghfg©bnmsq]rs� naidbs()� ]� rtaidbshud� ]m]kxrhr� qdl]hmr
l]mc]snqx� trhmf� rs]mc]qc� bkhmhb]k� oqnsnbnkr,� Rdbnmc)� hm� uhsqn� ktmf
mnctkd� hl]fhmf� cdlnmrsq]sdc� dwbdkkdms� hl]fd� pt]khsx� tmcdq� rs]m©
c]qc� q]ch]shnm� cnrd,� Sghr� g]r� addm� oqduhntrkx� cdlnmrsq]sdc� vhsg� ]
khlhsdc� ENU� ROBBS� eqnl� sgd� r]ld� l]mte]bstqdq� Z15[,� Sghqc)� hl]fd
pt]khsx� hm� ]� gtl]m� unktmsddq� v]r� q]sdc� dwbdkkdms� ax� sgqdd� dwod©
qhdmbdc� ktmf� q]chnknfhrsr,� Sgd� hl]fd� mnhrd� v]r� dwbdkkdms� vhsg� ]
o]qshbtk]q� sdwstqd� sg]s� bg]q]bsdqhydr� ghfg� eqdptdmbx� mnhrd)� rtbg� ]r
dwodbsdc� vhsg� OBCr� Z6[,� Rl]kk� ktmf� rsqtbstqdr� rtbg� ]r� chrs]k� ]hq©
v]xr� ]mc� udrrdkr)� aqnmbgh]k� v]kk� ]mc� �rrtqdr� vdqd� ]krn� cdohbsdc
vhsg� ghfg� pt]khsx)� rtbg� ]r� rtffdrsdc� oqduhntrkx� trhmf� ]� khlhsdc
ENU� ROBBS� eqnl� ]� cheedqdms� l]mte]bstqdq� Z15[,� Ehm]kkx)� bnlo]qh©
rnm� adsvddm� ROBBS� ]mc� bnmudmshnm]k� BS� hl]fdr� cdlnmrsq]sdc� ]

4
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Méthode – Imagerie chez l’Homme

Analyse QI subjective par 3 radiologues (lecture indépendante)

1. Conspicuite et netteté des stuctures suivantes
1. VAD, scissures, vaisseaux distaux, paroi bronchique proximale; 
2. sur une échelle de 1 (inacceptable) à 5 (excellent)

2. Qualité globale
1. sur une échelle de 1 (non évaluable) à 4 (interprétable sans bruit ni artéfact)
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Matériel – Imagerie chez l’Homme

Volontaire de 60 ans avec un IMC à 30 kg/m2 
Acquisition à
• 120 kVp, 63 mAs : standard
• 120 kVp, 11 mAs : basse dose
• Pitch : 1.03 
• Temps de rotation : 0.33 s

• Reconstruction : Matrice 1024, FOV 300 mm, 0.25 mm épaisseur de coupe

Comparaison avec un scanner antérieur sur un Brilliance 64 (Philips) :
• à 120 kVp, 103 mAs
• Matrice 512, FOV 300 mm, 0.8 mm épaisseur de coupe
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Résultats– Imagerie chez l’Homme
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Résultats– Imagerie chez l’Homme
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Résultats– Imagerie chez l’Homme



24

Résultats– Imagerie chez l’Homme
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Résultats– Imagerie chez l’Homme

≥ 4 

< 4 
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Conclusion

Faisabilité de l’imagerie pulmonaire en scanner spectral à comptage

photonique
• Ultra-Haute Résolution en combinaison avec une réduction des doses de 

rayons X

• Imagerie du nodule à ultra-basse dose 

• Imagerie des voies aériennes distales, de la trame vasculaire, des parois

bronchiques à basse dose 
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