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• Co-founder of qaelum NV, a spin-off company of the University Hospitals 
Leuven, specialized in automated quality control and patient dose 
monitoring

Disclaimer



Introduction

• CT systems contain different protocols with 
predefined scan parameters

• predefined scan parameters come from …

• factory defaults
• scan parameters from literature
• optimization studies



• using an iterative process …

Optimization

start from current or literature 
scan parameters

reduce every xx weeks a 
parameter (ex. mAs)

question radiologists about 
the quality of previous period

reset to last fine settings and 
stop optimization

all is fine

IQ problem



• using deceased bodies …
– close collaboration with forensic department

Optimization

anatomical measurements observer experiments  (VGA / IQC)



… and then the service engineer enters the 
room with the latest upgrade ….

… and you weren’t notified



CT console security

HIPAA compliant barb wire fence 



Siemens

+ secret key combination



Philips



to develop a generic solution to 
monitor modifications in 

CT scan protocols

Aim



Material and methods

Siemens Somatom Definition Flash
Siemens Somatom Definition AS+
Siemens Somatom Definition 16 
Siemens Somatom Definition 64 
Siemens Somatom Open 

Philips Brilliance 64

GE Brightspeed Pro 16

• no way to be notified when parameters are modified

• regular manual evaluation ?
� compare against what ? print-outs ?

� workload (32 CT scanners)

• large number of protocols/scanner

• vendor specific format

157

115

561



Protocols (Siemens)

Siemens (xml)



Protocols (Philips)

Philips (xml)



Protocols (GE)

GE (csv)



PhilipsSiemens GE

Protocols

Protocol
Scan Mode
Age Group
Head/Body
View Angle [deg]
Current [mA]
Scan Type
Clinical Application
Label
Position
Length [mm]
Direction
Thickness [mm]
Increment [mm]
Voltage[kV]
mAs
mAs/Slice
Reconstruction
Cycle Time [sec]
Cycles
Scan Time[sec]
CTDI [mGy]
DLP[mGy-cm]
Agent
Trigger
Threshold
Route

Concentration
Volume
Rate
Voice
Storage
Cardiac Phase
Pulmo Phase
Jog
Resolution
Collimation [mm]
Pitch
Tilt[deg]
Scan Angle [deg]
Rotation Time [sec]
FOV [mm]
Filter
Enhancement
Window Center
Window Width
Center X
Center Y
Matrix
DoseRight ACS
DoseRight DOM
Adaptive Filter
SP Filter
Version

Protocol name
Range name
Series description
kV
kV(A)
kV(B)
Quality ref. mAs
Quality ref. mAs(A)
Quality ref. mAs(B)
(Eff.) mAs
(Eff.) mAs(A)
(Eff.) mAs(B)
Dose modulation
CARE Dose type
CTDIvol
Rotation time

Pitch
Collimation
Slice
Acq.
Slice
Position increment
No. of images
Kernel/Algorithm
Window
API
Comment1
Comment2
Auto transfer 1
Auto transfer 2
Auto transfer 3

Axial
HeadFirst / FeetFirst
Supine
Images
Speed
Type
Start
End
Thick
Mode
Rows
Int
Tilt
SFOV
kV
SmartmA
NoiseIndex
MinmA

MaxmA
Message
Light
Timer
CineDur
DFOV
A/P
R/L
Filter
Type
Vari
D3D
DMPR
Gating: No
AutoStore: Yes
SmartPrep: No
Biopsy: No



Solution

connect to CT console

copy protocol file

calculate checksum

raw text diff operator

contextual diff operator

groundtruth storage

creation of modifications timeline

equals ?

convert vendor specific  file to textual form

parse and interpret textual data

compare

backup

GLADYS *

(*)  “The Automatic Analysis of Digital Images for Quality Control Purposes Made Easy 
with a Generic Extendable and Scriptable DICOM Router”; Jacobs et al. ; RSNA 2006



Example (Philips)

Groundtruth protocol file Modified protocol file



Example (Philips)
Level 1 warning

the checksum doesn’t match

MD5 bbd392689a7ecb6e413d265018974aa3 f135c07fdec79a05cf3ea5abe88cd54f

SHA-1 1723825935b95efbc5b230e15938a9903cf68a83 516382d044788b3deadf9a57c72f6facc09c6c81

SHA-256 ebd4a1f62155d170aa66444c99d8ffe040d187e72b44d2dd
8ff3dea10e3a7f99

ee47c851c451cdefdf71d6a1c55819ef3e5b02a0457e2
0ccf5b70cf011a7b9b0

SHA-384 c8800db4c22d95ba0539ad511516b8751c63be12e5d80f0
c7461b3cf25a57541d6bb5a4becefd0890b18ae02fbc6450
4

ac190d31d1957699a521fbf26ab0d1aecd0b8c6ca5d2
788428ff00c47b12a1340ae0346b6e64cff562f41e89c9
a70ee0

SHA-512 115a7745bda9fb28164882a251633b34bb0d45059efb87b
0b494736b2cdfa374d7fa841dd7357a824a3ece316dda4d
26f686ae98e13c0d57661983e066cb7bee

d079195b5fbb2f70d087b4781df1fa57b0f3685b13e77e
e102a09cdb57b9f606e6ecaa9ec10b1ed9377fb6eedf5
fb0eaf50131628a0861b34245db187471c41a



Example (Philips)
Level 2 warning

diff operation at raw text level



Example (Philips)
Level 3 warning

detailed overview of modifications

• parse vendor specific file structure in generic tree structure
� protocols � series � parameters

� mail � twitter � SMS � integrated QA network



Total Quality Monitoring (CT)
• automated daily physical-technical quality control

(Level B + specific phantom)



Total Quality Monitoring (CT)
• automated daily physical-technical quality control

(Level B + specific phantoms)
• continuous patient dose monitoring

• using Structured Reports (SR), DoseReports, 
MPPS



Total Quality Monitoring (CT)
• automated daily physical-technical quality control

(Level B + specific phantom)
• continuous patient dose monitoring
• correct scanner usage quality control (ethical usage)

• overscan, scan overlap, correct protocol usage, 
blind scanning, patient positioning, …

overscanned region



Total Quality Monitoring (CT)
• automated daily physical-technical quality control

(Level B + specific phantom)
• continuous patient dose monitoring
• correct scanner usage quality control (ethical usage)
• CT protocol management

• online overview
of best practices



local hospital

GLADYS

MoniQA

digital mammography 
viewing station

supervision center

local hospital

data overview

data analysis

FTP / E-mail

data storage

CT, general radiology, interventional radiology, MRI, NM, …

QA Network

Local data overview



Discussion

• monitoring of scan protocols is important
– to detect unauthorized modifications
– to detect accidental upgrades by service personnel
– to make sure that optimization efforts are used in the field

• detection of modified scan parameters could also 
be done retrospectively using continuous patient 
dose monitoring of your CT system
– analyze used scan parameters of each study
– compare with default settings



Discussion

• we developed a generic monitoring system to detect 
modifications pro-actively
– Siemens, GE, Philips
– uses vendor specific conversion tools

• solution fit in whole range of quality assurance tools
– CT

• automated constancy checks

• continuous patient dose monitoring

• correct scanner usage quality control (ethical QC)

– mammography, general radiology, interventional radiology, viewing 
devices, ….

• solution fit in a distributed quality assurance network



Thank you

jurgen.jacobs@qaelum.com
http://www.qaelum.com





Track

AnalyseOptimize

Quality
Control

TQM: Total Quality Monitoring

Patient radiation dose monitoring
monitoring of dose values

understanding the dose values
propose 
optimization strategy


