




 Introduction Pediatric malignancies

 Changing trends & Radiation burden

 Radiation exposure from PET/CT

 Image gently 

– PET & CT modification

- PET/CT protocols

 Tips 



 Leukaemia / lymphoma: ~ 35% 

› acute lymphoblastic leukaemia : 23%

› Hodgkin disease : 5%

› acute myelogenous leukaemia : 4%

› NHL : 5%

 Central nervous system malignancies : ~20%

› Astrocytomas

› Gliomas

› Medulloblastomas

 Solid tumours

› blastomas : ~15%

 Neuroblastoma : 7%

 Wilms tumour : 6%

 Retinoblastoma

› sarcomas ~10%

 Rhabdomyosarcoma : 3%

 Osteosarcoma : 3%

 Ewing sarcoma : 2%

http://radiopaedia.org/articles/wilms-tumour
http://radiopaedia.org/articles/ewing-sarcoma


 Childhood malignancies – sensitive to treatment.

 Change in treatment management- multimodality 

approach (RT, Surgery and chemotherapy)

50

80

0

50

100

1997 2007

survival

survival



Efficacy improving, but associated damages

 Secondary malignancies

 Cardiac impairment

 Pulmonary dysfunction 

 Infertility

 Chronic hepatitis

 Alteration in growth and cognitive abilities

Aim of treatment - Judicious use  

Medications

Investigation



 Tailor made treatment regimes.

 Need for early alterations in therapy.

 Use of imaging for response assessment. 

 Anatomic imaging – changes identified 
later.

 Metabolic imaging – need for localization 
and anatomy.

 Combined use  - HYBRID IMAGING.



 Staging 

 Treatment response assessment 

 Completion of treatment

 Surveillance

 Restaging 

CT and US : incorporated in all guidelines in 

management.

PET/CT : Introduced into management of pediatric   

patients later 

Incorporated in few guidelines.



 Fear of increased radiation over CIM.

 Radiation from PET & CT 



Radiation exposure of patients undergoing whole body dual modality 18F 

FDG PET/CT examinations  
- Brix et al, Journal of nuclear medicine ;2005, 46 (4): 608

Average effective patient 

dose:  25mSv FDG PET/CT 

Suggestion: 

Optimization of CT 

protocol



Whole-Body PET/CT Scanning: Estimation of Radiation Dose and 

Cancer Risk

Huang et al , Radiology 

2009, 251; 166

Protocol Effective dose  (mSv)

Female Male 

A 13.45 13.65

B 24.79 24.80

C 31.91 32.18

Lifetime cancer incidence with a diagnostic CT and PET would be 

0.514%  for US population  and 0.622%  for Hong Kong population (for 

patient age 20 yrs)



Maintain as low pediatric radiation dose as possible

PET component

CT component



Studies have shown higher dose in 1 yr olds as 

compared to teen using BSA and Websters formula.

Eur J Nucl Med Mol Imaging 2007; 34



North American consensus guidelines 

American College of Radiology, Society of Pediatric 

Radiology, 

Society of Nuclear Medicine and Molecular Imaging 
(SNMMI)



Eur J Nucl Med Mol Imaging 

2007; 34



For 18F RP no change in EANM 2007 card

Upper limit. For EU 

North American guidelines - lowest administered 

activity was 26MBq



Principle determinants of the dose a patient receives 
during a CT 

: X-ray beam energy (related to the peak kilovoltage) 

: X-ray beam intensity (milli amperes) or the number of x-
ray photons generated (related to the product of the 
tube current and time). 

Image gently protocol

Obtain Diagnostic reference level (DRL) and Size specific 

dose estimates (SSDE) for every scanner of department.

Use the reference adjustments of mA and KvP based on 

tissue

Balance the mA and KvP factors and pitch.

Protocols based on patient weight or age produce 

greater variability





PRINCIPLE:

Changes dose based on the thickness and radiation attenuation 
of tissues along the length of the patient's body (Z axis). 

Or along the  angle of tube



Procedure :

Take a scanned Xray projection – Scout

Decides the start and end of scan

Decides the attenuation level of the patient

Decide noise index

If low noise needed – high mA

Problems with AEC

Small patient – very low tube current - high image noise

Large patient – high mA – good image – unnecessary 

radiation dose





Choice of CT :

Low mA & low Voltage : attenuation 

Low mA & high voltage : anatomic localization

High mA and High Voltage : Dedicated CECT. 

: Characterization of lesion  

Tube current - Some visible noise accepted

Rotation – 1 to 0.5 sec

Lower Voltage – Regions with inherent tissue contrast  
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CECT useful for IDRF – complete staging in one scan -
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Recurrence of Wilms tumor



Low mA CT

Dedicated high mA CECT thorax 



Broselow luten colour scale 





Get Involved in acquisition and appointments

 Avoid multi phase acquisitions; post-contrast 

(single-phase study) is all that is necessary

 Reduce the values of the tube current and peak 

kilo - voltage used to obtain the scout image(s)

 Follow up scan - limited to the appropriate body 

region.

 Shielding of radio sensitive organs - eye 

lens, thyroid gland, and breast can be shielded 

using bismuth material.



 Child friendly department 

 Schedule early appointments – shorter fasting 

 Talk to the parent & CHILD.

 Show the machine 



 Uptake period:

read a book/TV/game

 Acquisition: 

Parent allowed

Can carry toy

Play music or rhyme




