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Imaging 
Modality

Spatial 
Resolution 

(mm)

Acquisition 
time per 
frame(s)

Molecular 
probe mass 

required (ng)

Molecular 
sensitivity 
(mol/L)

Tissue 
penetration 
depth (mm)

Signal 
quantification 

capabilities

��� 1-2 (animal)
6-10 (clinical)

1-300 1-100 10-11-10-12 >300 High

����� 0.5-2 (animal)
7-15  (clinical)

60-2000 1-100 10-10-10-11 >300 Medium-High

���	
�� 2-5 (visible to 
IR)

10-2000 103-106 10-9-10-11 1-20 Low


�� 0.025-0.1 
(animal)

0.2 (clinical)

0.1-100 103-106 10-3-10-5 >300 High

�� 0.05-0.5 
(animal)

0.1-1 (clinical)

0.1-100 103-106 Not well 
characterized

1-300 Low

�� 0.03-0.4 
(animal)

0.5-1  (clinical)

1-300 NA Not well 
characterized

>300 Medium-High
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Hardware combination Evolution / Revolution
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EVOLUTION in MEDICAL IMAGING
(combination of existing equipment)
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REVOLUTION in MEDICAL IMAGING
(Integrated devices from technical developments)

"6��+�
7 MRT PET
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How a CT system works:
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Aim: - to measure and display the concentration of a gamma ray-
emitting radioisotope within individual slices of th e body

SPECT: Single photon emission computed tomography with tr acers 
such as Tc-99m using either a rotating gamma camera or a 
dedicated ring camera

Advantages over planar imaging :
– - improved image contrast
– - better localisation
– - improved detection rates
– - quantification (see later)

Example
SPECT brain scan using a 99mTc 
labelled blood flow tracer showing 
high perfusion in the tumour

X-ray CT scan SPECT blood flow scan
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P(x,qqqq)

x

qqqq

Raw data can be 
displayed as a   

Sinogram

Basic Method of ECT

- Similar to X-ray CT : take 1D profiles or 2D 
projections at discrete angles around the object

- Assume that each profile/projection point = sum of 
activity elements along detector LOR

Forward projection    Backprojection     Filtered b ackprojection

(See Yannick’s Talk later)

Parallel Projections                   Sinogram
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A very popular algorithm: Ordered Subset Expectation Maximisation (OSEM)
A fast variation of the ML-EM algorithm using subse ts of the projections

For example 64 projections used 8 at a time for 8 s eparate image production 
procedures (requires substantial data storage space ). Thanks to Progress in 
Computers….
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SPECT

SPECT/CT

Symbia TX Discovery NM/CT 670
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(From D. Townsend  2014)
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Positron Emission Tomography:  how it works
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Why 

FDG 

Works 

So well?
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SPECT-CT & PET-CT are better than SPECT & PET alone ….
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10.6 mCi, 115 min pi 

4 min/bed, 7 beds
3i / 8s;  6f

10.5 mCi, 104 min pi 
3 min/bed, 5 beds

3i / 8s;  6f

Scan duration:  15 min 

48 year-old female (200 lbs) with history of breast cancer. First PET showed
intense uptake in bilateral supraclavicular, mediastinal and right parasternal nodes 
and the thyroid. 9 months later PET showed significant disease progression
including sternum and pelvic region

�,���� �,1A#�
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Scan duration:  15 min
5 beds; 3 min/bed;  8s/3i/6F
10.6 mCi; 90 min post-injection

A 52 year-old male patient with history of gastric 
cancer imaged pre- and post-therapy (after ½ year)

Scan duration:  15 min
5 beds; 3 min/bed;  8s/3i/6F
9.8 mCi; 90 min post-injection 

Pre-therapy

Post-therapy

Pre-therapy ��1A$� Post-therapy ��A1A$�<����@�����+�

@@@@ ����������=���������������)���������������=���������������)���������������=���������������)���������������=���������������)�����
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• Quantification is a measurement !
= numerical value extracted from an image, to get concentration of radiotracer (kBq / 
ml) = from signal strength in region (pixel value)
... Then estimate physiological parameters in Nuclear Medicine

• Major problems affecting the quantification
in SPECT & PET: problem, consequences, 
methods, correction, results:

- Attenuation
- Scattering
- Effect of partial volume
- Movement
- Variation of spatial resolution in SPECT

C concentration of radiotracer
( kBq / ml ) in the region

N : signal intensity in a 
region (pixel value)

D-Day          D-Day + 3 monthsEnsure N = k C Needless to know k (only k constant over time) 

• Two types of quantification: Absolute or Relative quantification: 
-1- Absolute quantification needs: 

a - Measurement of the concentration of radiotracer within an organ ( kBq / ml ) or 
of parameter derived from this concentration

b - Measurement of a volume (Ex:glucose metabolism in mouse brain : � mol/100 g/ 
min).          Ensure that N = k C  then  Determine k
-2- Relative quantification

- Concentration ratio between 2 regions (tumor/healthy tissue) 
or between two instants: Evolution of the tracer uptake
The measured quantity is dimensionless
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Ws is the total weight of the patient)
SUV=unitless parameter ��	�����������������
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• Intrinsic Barriers:

- Matter and radiation interactions in SPECT and PET
. Attenuation  ***
. Compton scattering**

- Limits of the imaging device
. limited and non-stationary spatial resolution ** 
. random coincidences in PET
. measurement noise

• Potential Obstacles
- Patient movement
. Physiological : heartbeat,  breathing
. fortuitous because relatively long exams

- Defects in the detector
. Non uniformity
. dead time
. mechanical stability
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known how deep it comes: we do not know how much it has
been attenuated making it difficult to correct the attenuation.
� Use medium density : µ for lungs=0.04 cm-1 µ for  soft tissue=0.15 cm-1

µ for cortical bone=0.30 cm-1. Attenuation is of course function of  ggggenergy.

• In PET, attenuation do not depend on the place of emission on
line projection. It depends only of the full attenuation 
d1 + d2 = D. When an event is detected on a line of response, 
suffered attenuation is known. We can therefore more easily 
compensate attenuation than in SPECT (identical for all radiotracer 
giving 511 Kev pair).

• In SPECT (and PET also), attenuation leads to 
underestimates of activity generally greater 
than 70%. (Cardiac example)
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• In SPECT Attenuation depends on the place of issue on 
the projection line. When an event is detected, it is not
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Compton scattering
Scattering can happen:
• In the patient
• In the collimator septa 
• In Crystals
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Consequences of Scattering:
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Importance of scattering in SPECT
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Different correction methods in SPECT
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OPTIMISATION
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Treatment plannings 
are compulsory for 
correct treatment 

Pinnacle (Philips Medical systems)
ADAC -> Pinnacle3(Philips) 
Monaco (CMS/Elekta)
Eclipse (Varian Medical Systems) 
RapidArc: see(varian.com/us/oncology/treatments/
treatment_techniques/rapidarc/resources.html

…..

Most Popular systems:

A RapidArc view
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PET/CT (SPECT/CT) Scan protocol
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SURVEY : Vaginal cancer

A 50 year-old female patient restaged for vulvar cancer with history of NHL �C�
,
=���$�
����������% . The PET/CT scan shows focal uptake in right aspect of the 
vulva (SUV: 10.3). Adjacent focal anorectal uptake (SUV: 5.5). CT is negative 
with no abnormality seen. Only combination of CT and PET can show that!
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PET MR
(S.R. Cherry, 2006)
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F18

Idem if F 18 added

Idem FDG

Adenosine-5'-triphosphate (ATP) 
is a multifunctional nucleoside 
triphosphate used in cells. It is 
often called the "molecular unit of 
currency" of intracellular energy 
transfer . ATP transports chemical 
energy within cells for 
metabolism.
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Image fusion in 1961   (HN Wagner, MD)

���*+ ( ������*���� ���

PET can be combined with other device:

X-ray-CT

MRI

SPECT

Opt

US
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MRI CT PET
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Recall 
Summary Volumes 
and Margins
[ICRU-50 Supplement 
of rules definitions]

GTV

CTV

ITV

PTV
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Only PET is giving the real size of the tumour
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Glioblastoma Multiforme

T2-WeightedT1-Weighted
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,	'���������9�����6 ������ ,'

LYSO
4 x 4 x 22 mm3 (LYSO)
3D only (no septa)
Brilliance 16 CT
70 cm port
18 cm axial FOV
585 ps timing

Non-TOF TOF
60 s scan duration

Non-TOF TOF
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114 kg; BMI = 38.1
12 mCi; 2 hr pi
3min/bed position

Better signifiance with TOF
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BGO PET

10 20 30 40 50 60         0 min

transmission emission

LSO PET/CT emission
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Setup and patient positioning 
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FASTER IMAGING
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7 x 3 min =  21 minBiograph TruePoint (16 cm)

5 x 2 min = 10 minBiograph TP TrueV (22 cm)

2 x 1 min =   2 min(52 cm)

Average whole-body coverage of 80 cm 

1 x 1 min =   1 min

?�����!������,����;��;6�����?�����!������,����;��;6�����?�����!������,����;��;6�����?�����!������,����;��;6�����/����� /�����/�����/�����

(92 cm)

36 cm

52 cmD�'�����������,�7��;�$F�"����DN�1�"��K%D�'�����������,�7��;�$F�"����DN�1�"��K%D�'�����������,�7��;�$F�"����DN�1�"��K%D�'�����������,�7��;�$F�"����DN�1�"��K%
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Advances in scintillators
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Importance of Spatial resolution

Factor 2
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46 year-old female with NSCLC: cT2pN2 diagnosed 01/04 post 3 x CTX; PET/CT for RTP. 

Compared to pre-CTX, the bronchial tumor is reduced both in size and metabolic 
activity (SUVmax reduced from 14 to 4.6). PET/CT-based conformal treatment plan 
yields a cumulative mean lung dose of 8 Gy compared to 15 Gy with an assumed 
CT-based conventional treatment plan. Thus, PET/CT allowed for dose escalated 
treatment of this NSCLC .

BGO-PET: 320 MBq 18F-FDG, 80 min pi, 3.5 min per bed, 3 beds 1�@���
*A

B 5

Dual-row CT: 110 mAs, 130 kVp, IV, water-based oral contrast, 4 mm slices

��� �����!

$�������
�����)


0��
��!

CT plan PET/CT plan Dose-Volume Histogram

CT plan

PET/CT

��,��,��,��,4 444#,����"�����6���#,����"�����6���#,����"�����6���#,����"�����6��� ������ ��4 444)))) ���������������� #### ������������ ��� � ��;��;��;��; #### ��������������������
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Treat. Plan from PET/CT = lower dose
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SURVEY : Vaginal cancer

A 50 year-old female patient restaged for vulvar cancer with history of NHL �C�
,
=���$�
����������% . The PET/CT scan shows focal uptake in right aspect of the 
vulva (SUV: 10.3). Adjacent focal anorectal uptake (SUV: 5.5). CT is negative 
with no abnormality seen.
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CT only

PET+CT

PET only
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A paradigm shift: current to counting mode thanks to fast electronics 
developed for LHC detectors (CERN)

Courtesy Rabin Medical Center, IsraelCourtesy GE
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