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Reference CT Protocols
• All of the major CT vendors have scanners that come with CT protocols for 

major indications
– Usually they will also publish a booklet to go along with the protocols
– Usually some applications specialist time is devoted to “tweaking” these 

protocols to a specific institutions preferences or expanding the list of covered 
indications



Reference CT Protocols
• All of the vendors will allow some kind of organization on the scanner to 

identify user and vendor supplied protocols

Example of a 
Siemens scanner 
protocol manager 

view, here the view 
is filtered to show 
only the default 

protocols



Reference CT Protocols
• Don’t expect the default protocols documentation to suffice for the occasional CT 

technologist or new CT technologist (CT vendors do not want to play doctor…too 
much liability so their instructions will be pretty laconic)

• Don’t expect esoteric protocols for rare indications
• Don’t expect protocols for devices 

– Orthopedic implants
– Vascular implants (valves, flow diverters, etc.)

• Don’t expect protocols for CAD (chest)
• Screening protocols are becoming more common to be vendor supplied (as CMS 

supports screening, we will see more vendors offering such protocols)

Most small 
imaging centers 
wont need all of 
these, but any 
medium/large 

hospital will



Reference CT Protocols
• AAPM Protocols

– http://www.aapm.org/pubs/CTProtocols/default.asp

http://www.aapm.org/pubs/CTProtocols/default.asp


Reference CT Protocols
• These are good protocols. They may require some site specific tweaking 

though
– They are heavy on acquisition parameters and light on clinical advice. 
– These protocols are what you as a site’s physicists wants to bring to the CT 

protocol optimization team meeting. 
• Let your lead tech modify/augment the patient preparation instructions, recon 

instructions, add reformat instructions, add billing/networking instructions, etc.
• Let your radiologist add more phases, prescribe the contrast dosage strategy, 

modify the indication, etc. 

– They have GREAT introductions for the physicist to learn more about 
some of the clinical aspects of a protocol.



Reference CT Protocols



Reference CT Protocols



Reference CT Protocols
• Go online! 

– Ctisus.com



Reference CT Protocols
• Try submitting a request for someone to send you a protocol 

on to the DXIMGMEDPHYS 
http://aapm.org/links/medphys/#lists

• Great place to have others with the same/similar equipment 
lend advice. This is a very active source of information in our 
community. 

http://aapm.org/links/medphys/#lists
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Reference Materials for CT 
scanners/protocols

• Scanner to scanner verbiage
• What is a protocol



Reference Materials for CT 
scanners/protocols

• Vendor/Model to Vendor/Model verbiage
– Vendors implement the same techniques and call them different things

• “Scout/topogram/scanogram/surview” are all CT localizer radiographs
• “Spiral/volume/Helical” are all acquisition modes with constant couch motion during data 

acquisition

– Vendors implement different techniques to accomplish the same thing and 
call them different things

• “Adaptive 4D spiral” versus “shuttle/jog” for perfusion data collection

– Vendors implement different techniques to accomplish different things and 
call them the same thing

• Good example is the use of the words “interval/increment” to basically be used to mean two 
different things by multiple vendors

– Space between images AND the space between axial couch positions (this can get you in trouble if you prescribe 
an axial scan with a 2 cm beam and a 1 mm space between axial couch positions…)



Reference Materials for CT scanners/protocols
– AAPM has put together a lexicon that 

compares every button/knob and lever on our 
CT scanners

– “Rosetta stone” Of CT scanners
– Essential for a multi vendor environment to 

have technologists/physicists/radiologists 
familiar with this document

http://www.quarkquark.com/electronman/



Reference Materials for CT scanners/protocols

















Reference Materials for CT 
scanners/protocols

• Scanner to scanner verbiage
• What is a protocol



Reference Materials for CT 
scanners/protocols

• What constitutes a CT protocol (AAPM Practice guidelines 1.a definition)
• CT Protocol – the collection of settings and parameters that fully describe a CT 

examination. Protocol may be relatively simple for some body part specific systems or 
highly complex for full-featured, general-purpose CT systems.

My philosophy is that anything that happens to a patient 
before/during/after their scan can affect diagnostic utility 

and should be standardized. 

RSNA Reporting templates http://radreport.org/
DICOM 121 defining technical protocol parameters http://dicom.nema.org/Dicom/News/June2016/docs/sups/sup121.pdf
Radlex playbook http://playbook.radlex.org/playbook/SearchRadlexAction
IHE profile on protocol management http://wiki.ihe.net/index.php/Enterprise_Scanner_Protocol_Management_-_Proposal
AAPM CT lexicon http://www.aapm.org/pubs/CTProtocols/default.asp?tab=5

http://radreport.org/
http://dicom.nema.org/Dicom/News/June2016/docs/sups/sup121.pdf
http://playbook.radlex.org/playbook/SearchRadlexAction
http://wiki.ihe.net/index.php/Enterprise_Scanner_Protocol_Management_-_Proposal
http://www.aapm.org/pubs/CTProtocols/default.asp?tab=5


Reference Materials for CT scanners/protocols
Need balance 
between too 
verbose for 

frequent users

…and not low 
level enough for 

novice users

TP Szczykutowicz, N Rubert, D Belden, A Ciano, A Duplissis, A Hermanns, S Monette, E JanssenSaldivar. A wiki based solution to managing your 
nstitutions imaging protocols. Journal of the American College of Radiology 2016 
TP Szczykutowicz, N Rubert, D Belden, A Ciano, A Duplissis, A Hermanns, S Monette, E JanssenSaldivar. A Wiki Based CT Protocol Management System. 
Radiology Management Nov/Dec Issue 2015

Go to youtube
and search for 
“CT protocol 

wiki”. My techs 
love our wiki, I 
would be glad 
to assist you in 
setting one up 

for yourself.



Reference Materials for CT scanners/protocols
www.protocolshare.org template

My effort at helping 
people think about 
what to put into a 

protocol. The 
template provides an 

overview of all the 
elements of a 
protocol and 
examples of 

documenting those 
elements.

http://www.protocolshare.org/


Reference Materials for CT scanners/protocols

Protocol name (Radlex RPID, ACR common ID), clinical indication, design 
philosophy, billing codes, RSNA reporting template #, dose information, 
compliance with screening standards, compliance with organ transplant 
criteria, trial/study compatibility,  patient prep, oral contrast details, IVC 

contrast details, patient coaching, monitoring instructions for 
nurse/physician, patient positioning, exam logistical details (scan description), 

reformat instructions (including examples), networking details, scanner 
model, tube power, detector configuration, gating/perfusion package 

options, series name, scan type, kV, pitch, rotation time, mAs/effective mAs, 
collimation, AEC/TCM settings, slice thickness, interval, recon name, recon 

kernel, recon RFOV, recon slice thickness, recon interval, recon iterative 
options, recon ww/wl

List of things 
to consider 

documenting 
as part of a 

protocol
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CT Dose Calculation
• Conversions from DLP to effective dose

– There are many published tables of such conversions using 
a variety of different weighting factors. 

– Tips
• Know what weighting factor your k factor table assumed

– ICRP 26 (1977), ICRP 60 (1991), and ICRP 103 (2007)

• Know what age your k factor table assumed
– “adult”, 0 y.o., 1 y.o., 5 y.o., and 10 y.o. common

• Know what the scan ranges were for your table
– Will not be the same between different reports/papers



CT Dose Calculation
• International Commission on Radiological Protection. 

Recommendations of the International Commission on Radiological 
Protection. Oxford: ICRP; Publication 26; 1977.

• International Commission on Radiological Protection. 1990 
recommendations of the International Commission on Radiological 
Protection. Oxford: ICRP; Publication 60; 1991.

• International Commission on Radiological Protection. The 2007 
recommendations of the International Commission on Radiological 
Protection. Oxford: ICRP; Publication 103; 2007.



CT Dose Calculation

• Huda, W., Magill, D., & He, W. (2011). CT effective dose per dose length product using ICRP 103 weighting factors. 
Medical physics, 38(3), 1261-1265.

• Jessen, K. A., Shrimpton, P. C., Geleijns, J., Panzer, W., & Tosi, G. (1999). Dosimetry for optimisation of patient 
protection in computed tomography. Applied Radiation and isotopes, 50(1), 165-172.

• Jones, D. G., Shrimpton, P. C., & Britain, G. (1991). Survey of CT practice in the UK. Part 3: Normalised organ doses 
calculated using Monte Carlo techniques. Chilton, UK: National Radiological Protection Board.

• Shrimpton, P. C., Hillier, M. C., Lewis, M. A., & Dunn, M. (2006). National survey of doses from CT in the UK: 2003. 
The British journal of radiology, 79(948), 968-980.

• MSCT: European guidelines for multislice computed tomography. Technical Report Appendix A, European 
Commission, 2004

• Deak, P. D., Smal, Y., & Kalender, W. A. (2010). Multisection CT protocols: sex-and age-specific conversion factors 
used to determine effective dose from dose-length product. Radiology, 257(1), 158-166.

• European guidelines on quality criteria for computed tomography. Technical report, European Commission’s 
Radiation Protection Actions, 1999.

A couple review papers:
Obed, et al. "Comparison of the ICRP 60 and ICRP 103 

Recommendations on the Determination of the Effective Dose 
from Abdominopelvic Computed Tomography." International 
Journal of Medical Physics, Clinical Engineering and Radiation 

Oncology 4.02 (2015): 172.
Christner et al. "Estimating effective dose for CT using dose–

length product compared with using organ doses: 
consequences of adopting International Commission on 
Radiological Protection Publication 103 or dual-energy 

scanning." American Journal of Roentgenology 194.4 (2010): 
881-889.



CT Dose Calculation
• Need effective dose fast? 

– There is an app for that! (there are actually many apps for 
that)

– These apps simply take published data of k factors as a 
function of body region and patient age and present it in a 
nice calculator type format

– Age ranges and anatomical regions will differ between the 
apps and choices within the apps



CT Dose Calculation

+ =



CT Dose Calculation
• When CT dose calculation meets the real world

– What to do for custom scan ranges…?
– What to do when we know the dose is modulated between regions…?
– For example, a head scan of just the temporal bone anatomy, a 

abdomen scan of just the liver, an extremity scan…
• For these, you really need a custom Monte Carlo or measurement based 

method. Not something your average physicists is going to be able to do.

– For example, a CAP we know will have ½ the dose over the 
chest. You can combine different k factors in weighting schemes, 
but it would be nice to be free of published scan range/k factor 
combinations. 



CT Dose Calculation
• ImPACT CTdosimetry calculator 

(free) retrieved from 
www.impactscan.org/ctdosimetry.
htm

(I would download this ASAP, this 
group is no longer funded so I am not 
sure how much longer it will be online)

Another option is CT-Expo 
http://www.sascrad.com/

page9.php
(free demo version is 

online, paid full version 
available)

http://www.impactscan.org/ctdosimetry.htm
http://www.sascrad.com/page9.php


CT Dose CalculationWith this 
program, 

you can set 
any ranges 
you desire

For lower extremities (not covered fully in the example shown on this or the next page), see “Saltybaeva, 
Natalia, et al. "Estimates of effective dose for CT scans of the lower extremities." Radiology 273.1 (2014): 
153-159.”



CT Dose CalculationWith this 
program, 

you can set 
any ranges 
you desire



CT Dose Calculation
• Practical advice on using the ImPACT dose calculator

– If you cant find exactly the scanner model you need on the ImPACT
list…don’t sweat it

– I prescribed a 15 mGy abd/pelvis scan on 4 different vendor models 
over the same scan length, all the effective doses were within 1 mSv

• GE LightSpeed 64 slice VCT, Siemens Definition AS, Philips Brilliance 64, 
Toshiba Aquillion 16 returned effective doses of 13/12/12/13 mSv
respectively and DLPs of 771/774/774/770 mGy*cm respectively 



CT Dose Calculation
• Fetal dose calculations

– You can use ImPACT dose calculator tool and report the uterus dose as 
the fetal dose

– Measure the fetus depth and mother’s circumference and use a look 
up table “Angel et al. Radiation dose to the fetus for pregnant patients 
undergoing multidetector CT imaging: Monte Carlo simulations 
estimating fetal dose for a range of gestational age and patient size. 
Radiology, 249(1), 220-227.”

– Use the normalized reference dose method (need to know fetus depth 
and technique used for scan) “Felmlee et al. Estimated Fetal Radiation 
Dose from Multislice CT Studies American Journal of Roentgenology
154 1990” 
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You have 
to pay for 
this from 
the ACR

Currently 
$40

McCollough, Cynthia H., et al. "The phantom portion of the 
American College of Radiology (ACR) computed tomography 
(CT) accreditation program: practical tips, artifact examples, and 
pitfalls to avoid." Medical physics 31.9 (2004): 2423-2442.

Must read 
supplement 
to the ACR 

manual





Note: A scanner with the dose check  
feature dose not ensure anything 

related to benchmarking, reviewing, 
or indexing dose since it is up to the 

user to turn dose check on an 
populate the notification values with 

meaningful values. 



CT QA/QC and shielding
• In addition to requirements, we do have several guidance documents in our field
• 1993 AAPM Report 39 “SPECIFICATION AND ACCEPTANCE TESTING OF COMPUTED TOMOGRAPHY SCANNERS”

– Solid review of fundamentals, not much at all has changed since this report in the basics of CT (exceptions being multi-slice CT, 
more advance cardiac modes and dual energy to name a few big ones)

• 2010 AAPM Report 111 “Comprehensive  Methodology for the Evaluation of Radiation Dose in X-Ray Computed 
Tomography”

• 2003 AAPM Report 86 (Task Group 66) “Quality assurance for computed-tomography simulators and the computed-
tomography-simulation process: Report of the AAPM Radiation Therapy Committee Task Group No. 66”

• All CT scanner come with an OEM list of testing procedures
– They have these to get them out of trouble if the scanner doesn’t work as you want…if it works as they say it should using their tests 

then they are off the hook unless you contractually ask for other performance metrics 

Example UW daily/weekly/monthly QA instructions and 
data forms can be found here 

https://www.radiology.wisc.edu/protocols/CT/resources.php

https://www.radiology.wisc.edu/protocols/CT/resources.php


CT QA/QC and shielding
• Shielding

– 2006 AAPM Report 108 “AAPM Task Group 108: PET and PET/CT Shielding Requirements”
• Kind of light on content compared to the NCRP report

– 2004 NCRP Report 147 “Structural Shielding Design for Medical X-Ray Imaging Facilities”
• Covers all modalities of x-ray, it is THE reference for shielding

The vendors usually supply pretty 
robust daily/weekly QA programs 
(phantom, instructions, and limits)

The vendors usually supply 
iso-dose maps making 

shielding calculations easier

+ =



CT QA/QC and shielding
Steps to understanding CT QA/QC

1. Get your hands on the ACR QC Manual
2. Get your hands on as many physicists reports as you can to see how others do it
3. Get your hands on as many tech daily/weekly/monthly quality 

instructions/training materials as you can
4. Read the vendor supplied acceptance testing and routine QA/QC test instructions 

and KNOW the vendor supplied limits for those tests!
– When we received our mobile CT unit, Neurologica sent a 24 page manual detail what phantom, 

what protocol, how to set-up, and how to evaluate the scanner for acceptance testing. The listed the 
values for our specific unit they measured in their factor , the ACR action limits (when applicable) 
and their own limits. All of the vendors do similar, ask for the “technical/user/dose/reference 
protocol” manuals (names and types of manuals differ by vendor) before you go to work on a 
scanner. 
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CT Dose Check
• This section will cover dose notifications and alerts which are defined in NEMA XR-

25.
– NEMA XR-25 is one of 4 requirements listed in NEMA XR-29
– NEMA XR-29 is required for diagnostic CT payment from CMS
– NEMA XR-25 (dose check) compliance can be met by vendor technology or 3rd party scanner add-ons

Good introduction paper to Dose Check
What Is the CT Dose Check Standard, and Why Do CT Scanners Need to Be in Compliance? By Mahadevappa 

Mahesh JACR 2015
Good paper on Dose Check and CT intervention/fluoro

McCollough, Cynthia H., and Christopher P. Favazza. "Potential Clinical Ramifications of Dose Alert on CT-
Guided Interventional Procedures." Journal of the American College of Radiology 13.5 (2016): 542-544.



CT Dose Check

http://www.aapm.org/pubs/CTProtocols/default.asp



• Our manual lists NV and Alert levels for 
– Each of our ~300 protocols (x3)
– Each series within each protocol 

• While we customized to our scanners 
and protocols, our values should serve 
as a good reference for all vendors 
since image quality needs vary as a 
function of indication/protocol, not 
vendor

• This manual also has UW-Madison 
dose data (CTDIvol, DLP, SSDE 
25/50/mean/75 percentile for all of 
our protocols/series/phases)

CT Dose Check

https://www.radiology.wisc.edu/protocols/CT/resources.php

How we 
took the 
AAPM 

values and 
augmented 

for our 
own clinic



CT Dose Check

UW Dose Check philosophy: We set 
NV based on max dose of unaltered 
protocol and AV at 1 Gy (we also give 
guidance on setting bolus tracking 
limits and using DLP for AV)



• By protocol 
(neuro, 
thoracic, 
abdomen, 
MSK, peds, 
CV)

• By series

• By patient size

CT Dose Check
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CT Dose Tracking
• ACR DIR https://nrdr.acr.org/Portal/DIR/Main/page.aspx
• Pediatric leap frog effort http://www.leapfroggroup.org/survey-materials/survey-

and-cpoe-materials
• Radiance (the only free and open source tool I am aware of for CT doses) 

http://radiancedose.com/
• There are a plethora of commercial dose tracking solutions available 
• “home brew solutions” At the end of the day dose tracking is really about two 

things (a) getting dose data from your scanner (we have a DICOM standard for 
that) and (b) Making sense of the data

– With a commercial solution, you can outsource worrying about how to connect and get data from 
your devices to satisfy (a) and the vendor will make pretty plots and trend comparisons to satisfy (b)

AAPM Practice guideline on this
AAPM medical physics practice guideline 6.a.: Performance characteristics of 

radiation dose index monitoring systems.

https://nrdr.acr.org/Portal/DIR/Main/page.aspx
http://www.leapfroggroup.org/survey-materials/survey-and-cpoe-materials
http://radiancedose.com/


CT Dose Tracking
• Handling add-ons

– Separate series versus extensions of scan ranges
– Order of add-on with respect to original exam when sent to ACR DIR (ACR DIR can only map to 1 RPID)

• Handling “optional” delayed series/phases
• How to treat bolus tracking phases/series doses (these can be hundreds of mGy…)
• The need for having both orderable and protocol name available in mapping to RPID 
• How to handle variable dose protocols (UW adjusts dose in some special cases depending on 

patient age/indication/prior pathology presentation/acuity of illness)
– Ex: palliative care cancer follow up

• Handling mapping of single phase protocol to multiphasic protocol
– Ex: Post-endostent at UW is single phase depending on result, other sites commonly do this as a multiphasic exam. Do 

we map ours to a multiphasic endo stent, or to a single phase (non contrast angio RPID). 

• My scan range doesn’t match any RPID scan range … what to do? …
– At UW, we rarely do just a routine abdomen or a routine pelvis, we usually combine them. Differences in scan range 

can sometimes we flushed out by comparing CTDIvol and DLP together. 

Dose tracking is not 
trivial
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CT Acquisition Parameter Setting
• Pediatric scanning www.imagegently.org

– Dose lowering tables provided by Strauss et al
For different 
body regions, 
dose lowering 
tables allow a 
mapping from 
adult to ped

protocol

These tables plus many good 
references can be found here 
http://www.imagegently.org/Proce
ures/Interventional-
Radiology/Protocols

http://www.imagegently.org/
http://www.imagegently.org/Procedures/Interventional-Radiology/Protocols


CT Acquisition Parameter Setting
• An issue with our field…not a lot of good places to figure out 

how to propagate protocols vendor to vendor and even within 
vendor

Slice thickness, noise, 
spatial resolution, Dose
Favazza, Christopher P., et al. "A cross-

platform survey of CT image quality and dose 
from routine abdomen protocols and a 

method to systematically standardize image 
quality." Physics in medicine and biology

60.21 (2015): 8381.

Vendor to vendor and inter vendor 
AEC

• Keat, N. "Report 05016 CT scanner automatic exposure 
control systems. London, England: ImPACT, 2005." (2008): 
651.

• Szczykutowicz, Timothy P., et al. "CT protocol 
management: simplifying the process by using a master 
protocol concept." Journal of Applied Clinical Medical 
Physics 16.4 (2015).

• McKenney, Sarah E., et al. "Methods for CT automatic 
exposure control protocol translation between scanner 
platforms." Journal of the American College of Radiology
11.3 (2014): 285-291.



• How to change dose level, change kV, account for iterative 
denoising, etc.?

CT Acquisition Parameter Setting

𝑚𝑚𝑚𝑚𝑛𝑛𝑛𝑛𝑛𝑛𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑛𝑛𝑚𝑚 = 𝑚𝑚𝑚𝑚𝑜𝑜𝑚𝑚𝑜𝑜𝑜𝑜𝑜𝑜𝑛𝑛𝑚𝑚𝑜𝑜
𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑃𝑃𝑜𝑜𝑛𝑛𝑛𝑛𝑚𝑚𝑜𝑜𝑚𝑚𝑚𝑚𝑛𝑛𝑜𝑜

𝑇𝑇𝑜𝑜𝑛𝑛𝑛𝑛𝑚𝑚𝑜𝑜𝑚𝑚𝑚𝑚𝑛𝑛𝑜𝑜𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜

𝑁𝑁𝑁𝑁𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
∗

𝑁𝑁𝑁𝑁𝑜𝑜𝑛𝑛𝑛𝑛𝑚𝑚𝑜𝑜𝑚𝑚𝑚𝑚𝑛𝑛𝑜𝑜
∗

2
𝐹𝐹𝑘𝑘𝑘𝑘𝐹𝐹𝐷𝐷

Szczykutowicz, Timothy P., et al. "CT protocol management: simplifying the process by using a master protocol 
concept." Journal of Applied Clinical Medical Physics 16.4 (2015).

Rotation 
time pitch Noise 

level

How do 
denoising
algorithms 
change the 

required 
mA?

How does 
changing 

the kV 
change the 

required 
mA?

This equation lets us easily create various dose protocols at different beam energy levels



CT Acquisition Parameter Setting
• Reference AAPM protocols may not employ a scientific method to 

ensure equal dose and or image quality across vendor or scanner 
model. They are a collection of vendor provided and committee 
approved protocols. 

– This is not a bad thing, but needs to be stated. They can be used to map 
acquisition/recon parameters vendor to vendor model to model but this should be 
evaluated by your CT Protocol Optimization Team.

– I am not saying no scientific approach went into making them for any specific 
scanner. 

– Don’t expect to use them as a Rosetta stone to ensure equal IQ across your fleet but 
they are the best place to begin such an effort in my opinion. 
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Thanks for your 
attention!

When in need of something try starting your search at the AAPM CT 
Alliance for Quality website and/or the DXIMGMEDPHYS 
http://aapm.org/links/medphys/#lists list serv. 

Email: tszczykutowicz@uwhealth.org

http://aapm.org/links/medphys/#lists
mailto:tszczykutowicz@uwhealth.org
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