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Essential elements of a CT protocol
01 | compliance/regulatory details

02 | clinical detalls
03 | workflow details

04 | technical details
Data mining/analysis: physicist contributing to CT protocol

optimization team
05 | clinical background: contrast dynamics

06 | clinical background: breath hold
07 | using dose data to get scan time/length
08 | optimized protocols across your fleet
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Scanner specific
instructions

Indication specific
instructions

Examples: Examples:
Info you get from # phases for various
your apps person indications

Info you read out of
the scanner’s use
MERIEL

Timing delays

Examples:
Hospital guideline on
Foley catheter
Injector loading
instructions

Information we can assume o

\technologists knmg/
v
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ESSENTIAL ELEMENTS OF A

PROTOCOL: RESOURCES Ky
AAPM lexicon

“Rosetta stone” Of CT scanners
Best resource for sites using multiple vendors

Great resource for sites desiring to come up
with their own standard layout for CT
protocol information

May point your team to consider facets of
your protocols you currently do not
document

RosettaStone

Load Lifter with an appendix on
Moisture Evaporators

[Puoisellasox

LR~ W BB

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



ESSENTIAL ELEMENTS OF A
PROTOCOL: RESOURCES

Protocol Name
Clinical Instructions
Indication

Table of Contents Oral Contrast

Contents [nide] “ Pre-Sca_n
Search for “CT protocol ~——Instructions
Protocol\s I - IV Contrast
G, wiki” on youtube for a - Parameters

e video demonstration of this
Pediatric

Field of View
Scan Description
Billing

Reformat
Instructions
Reformats

Dual Energy (GSI) and High Resolution Mode

Body

Networking

Protocols Miscellaneous

Acquisition Parameters
CT Radiograph
Bolus tracking

Abd/Pelvis 6.1/6.2/8.3 CT1

Body Pelvis 8.13/8.14/8.15 CTH
Abd/Pelvis R/O Hernia 6.7/6.8/6.9 CT1
Abd/Pelvis - Flank Pain 6.10/6.11/6.12 |[CT1

Scan Phase
Low Dose Renal

13/6.14/6.15 (CT
Stone/Flank Pain BB BB ICT]

Recons

Szczykutowicz et al. “A wiki based CT protocol management solution” Radiology Management November 2015
Szczykutowicz et al. “A wiki based solution to managing your institution’s Imaging Protocols” JACR 2016
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ESSENTIAL ELEMENTS OF A
PROTOCOL: RESOURCES

Other examples of nice CT protocols:
e AAPM CT protocols

e Device company CT protocols (Heartfl aplhave great publicly available CT
protocols)

rinartfion

e (Ctisus.com
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COMPLIANCE/REGULATORY DETAILS

Who wrote the protocol
and what qualifications do
they have?

Why are the timing delays/dose
levels/slice thicknesses/etc. set
at the values they are?

Most protocol can be used for
many indications, what are
they?

"

Document expected dose index
ranges (ideally size/age based)

Protocolshare.org template
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COMPLIANCE/REGULATORY DETAILS

Easily a source of confusion, so you need to document
well and develop a systematic approach for this. Be
aware different roles think of protocol names in unique

ways.
WSCERRERSPECHE™ — 1och “6.23 ABD-LIVER BIPHASIC MEDIUM ADULT”
Sitespecfic

s Radiologist “Biphasic liver”
_\ Billing department “CT Abdomen Angio”

Dose Repository “RPID5”

"

What programs/studies/trial does the protocol comply
with?
e.g. ACR LCS, ACR CTC, Research trial, Device
manufacturer (robotic surgery), OPTN/UNQOS, etc.

Protocolshare.org template
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COMPLIANCE/REGULATORY DETAILS

Mistakes made by techs here will cause downstream
issues. Each protocol should explicitly state what billing
code (usually techs just choose text description, billing
department will assign code) to use and any
modifications due to scan time changes to the protocol.

Whether your site uses RSNA or in house templates,
what template to use should be documented
somewhere linked to the protocol used to realize that

study.

Protocolshare.org template
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CLINICAL DETAILS

which address

Jewelry removal, practice
breathing, IV access, etc.

How to mix, how much to give,
when to give, frequency of
drinking.

Volume, rate, chaser volume,
timing, IV access details, etc.

\\\

Breath hold, Valsalva
maneuver, etc.

Protocolshare.org template
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CLINICAL DETAILS

Protocolshare.org template

Pre-Scan Instructions

mp F athete

Oral Contrast [edit]

IV Contrast Parameters [:

d fluids. Enter s

n duration and

instry 15: When you take

1p or strenuously hold your breath. This
may breath ag
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CLINICAL DETAILS

Protocolshare.org template

Documentation of what physicians should be looking for
to guide the diagnostic exam. For example in coronary
CTA, if after the non con a patient’s coronaries are full of

Calcium, the CCTA may be skipped.

Most important for
MSK where joint
angles are
important. Details
(ideally with
pictures) should be
given to guide
patient set-up.

Poaor Position Good Position

Bad Looking Scout Good Looking Scout

Resulting Bad Looking Image
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WORKFLOW DETAILS

Protocolshare.org template

High level description of what the tech will be doing for
each part of the exam.

What planes and what source data to use to make
them.

What to send where. Not trivial since you may send to
PACS, 3D lab, perfusion processing, etc. which will likely
differ at different sites.
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WORKFLOW DETAILS

series

ructions

Protocolshare.org template

- Mon - Contrast — Calcium Si

Series 3 — Timing Bolus = on the ascending aorta
« Use 10 ml of ledixancl and 50 ml of saline
« Take 16 + Bolus time = Prep delay
« If the timi
anythi

nds. We do not want to use

e non - contrast scan

« Number 1 thing instructions on the scanner (10 s breath in and out + 4 5 pause)

Reformat Instructio [edif]

Use DMPR on THIN ST.
Reformats  [edit]
Slice

Thickness Interval (mm) | Orientation
(mm)

DMPR or Type (MIP,
Manual Average, etc.)

Name Source Recon

SA BODY THIN ST DMPR Average
CO BODY THIN ST DMPR Average

sagittal
coronal

2 (A) & (B) are parallel to long axis of radius 1 (€} is perpendicular to (B)

Reft ABandC
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TECHNICAL DETAILS

Protocolshare.org template

In the interest of time, | am not
going to go into the details of
technical acquisition parameters.
This should be the wheel house of
the physicist. For good references,
see the parameters listed within the
AAPM CT protocols.

This is not trivial, you should
worry about all the recons the
techs/docs need, not “just recon
1” or the acquisition parameters.

\\\\



"

TECHNICAL DETAILS: RESOURCES

UW-Madison CT Protocol Series Naming Scheme

Each series description is composed of 6 possible modifiers:

This is online as well.

We made this because
we were sick of
“making these names
up” which lead to
complete non
uniformity across our
thousands of CT
protocols. Hopefully
you can find value in it
as well!l ©

ST (soft tissue) LATE (i.e. for w/c 50 keV MAR (metal artifact reduction)
(default is to BONE differentiating early  W/O 67 keV & hot freeze)
leave empty LUNG and late arterial CTA 140 keV ; s cardiac phase range)
which denotes a phases) CTV (CT venogram) QC
thick recon) DELAY XX MINUTES  ARTERIAL VNC {virtual non pi
{i.e., XX is the LATE ARTERIAL contrast) EXP HI-RES (high resolution)
number of minutes  (default is empty) VUE {virtual INSP HI-RES
the phase is delayed unenhanced) ABER {al‘sduction and external
Water (lodine) fl-_it‘:tlom
protocol) lodine (Water) PRO (prospective)
TIMING BOLI (default is empty, RETRO (retrospective)
only used for DECT) LT (left side)
RT (right side)
(default is empty, use sparingly)

Abdominal/Pediatric/ <2.5 mm >=2.5m

and varies by
Thoracic/Neuro/CV

I <1 mm =1 mm

*A timing bolus series normally only has 1 reconstruction; therefore, no modifiers are needed for naming a timing bolus series other than the label “TIMING BOLUS",
**|f the series is single phase and non contrast, this medifier is empty. If a protocol has multiple series, the non contrast series has the “W/0"

madifier. In general, it is preferred to use time to specify specific contrast phases (i.e., use "DELAY 10 MINUTES" instead of "UROGRAPHIC" to

denote a delayed CT urography phase).

***This is where DECT names are detailed. Energy here refers to monochromatic energy level. Only 50, 67, and 140 are shown; your practice will likely use different
energy levels. These levels do not refer to the beam energy used in SECT (i.e., 120 kV). SECT energy levels should not be specified. Basis material images should be
denoted using <material name> (<partner basis material name=>).

**+*\we do not have orthopedic device modifiers in the list as they vary site to site. The “Special Options” modifier should capture vendor/device/practice-specific
naming conventions.
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https://www.radiology.wisc.edu/uw-ge-ct-protocol-project/resources/
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Essential elements of a CT protocol
01 | compliance/regulatory details

02 | clinical detalls
03 | workflow details

04 | technical details
Data mining/analysis: physicist contributing to CT protocol

optimization team
05 | clinical background: contrast dynamics

06 | clinical background: breath hold
07 | using dose data to get scan time/length
08 | optimized protocols across your fleet
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CLINICAL BACKGROUND: CONTRAST
DYNAMICS

~20 seconds

~20 seconds

~30 seconds
~2 minutes

Non contrast
localizer phase

Arterial Phase

HCC (hepatocellular Late Arterial
carcinoma) Liver protocol Phase

Parenchymal
Phase
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CLINICAL BACKGROUND: CONTRAST
DYNAMICS

= 3 ml/sec (HCC)
— 5 ml/sec (HCC)

-o- 3 mUsec (liver)

CT
number

3
w
=
£
c
=]
-
[}
3
c
@
=
<

time
Hennedige, Tiffany, and Sudhakar Kundapur Venkatesh. "Imaging of hepatocellular carcinoma: diagnosis, staging and treatment

monitoring." Cancer Imaging 12.3 (2012): 530.

Schima, Wolfgang, et al. "Quadruple-phase MDCT of the liver in patients with suspected hepatocellular carcinoma: effect of contrast
material flow rate.” American Journal of Roentgenology 186.6 (2006): 1571-1579.
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CLINICAL BACKGROUND: CONTRAST

DYNAMICS

Exam Description: CT ANGIO ABDOMEN

Series  Type

P 1 Scout

L > ; 2 Helical

B - 3 Axial
Ty 4 Helical
gi# 4 Helical

{ ‘ij ' 4 Helical
6 Helical

Dose Report
Scan Range CTDlvol
(mm) (mGy)

S$78.750-1179.250 5.91

150.250-150.250 60.71

$78.750-1179.250 16.00

1179.250-578.750 6.29

$78.750-1431.250 6.91

$78.750-1179.250 9.10
Total Exam DLP:

DLP

(MGy-cm)

176.97
30.35
478.60
188.40
381.26
272.37
1527.95

Phantom
cm

Body 32
Body 32
Body 32
Body 32
Body 32
Bodv 32

258 mm

258 mm

258 mm

510 mm
258 mm
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CLINICAL BACKGROUND: CONTRAST
DYNAMICS

258 mm imaged @ 0.516 pitch @ 40 mm collimation @ 0.4 sec rotation time = 5 sec
258 mm imaged @ 0.516 pitch @ 40 mm collimation @ 0.6 sec rotation time = 7.5 sec

510 mm imaged @ 0.516 pitch @ 40 mm collimation @ 0.4 sec rotation time = 9.9 sec

258 mm imaged @ 1 pitch @ 10 mm collimation @ 1 sec rotation time = 26 sec
510 mm imaged @ 1 pitch @ 10 mm collimation @ 1 sec rotation time = 51 sec

Scan time is given in DICOM (tag 0018,1150) which may or may not

be in your image volume or dose sheet
scan lengthxrotation time

Scan time can be calculated as

collimationx*pitch

time



CLINICAL BACKGROUND: BREATH

INVESTIGATIVE RADIOLOGY
Volume 29, Number 9, 848-851
©1994, J.B. Lippincott Company

Preliminary Report

Breath-Holding Capability of Adults

Implications for Spiral Computed Tomography, Fast-Acquisition
Magnetic Resonance Imaging, and Angiography

SPENCER B. GAY, MD,* CHRIS L. SISTROM, MD,t CHAD A, HOLDER, MD,* AND PAUL M. SURATT, MDj}

Some patients who simply cannot hold their breaths at
all, others can only do so for ~18 seconds—> this study
was not on patients with cancer...

TABLE 1. Patient Parameters and Performance Results

Mean Standard Minimum Maximum
value deviation value value

Patient age (years) 54 17 17 78

Smoking history 27 smokers
(pack years) 28 21 3 80

Instruction time required
(seconds) 20 75 178

Maximum breath hold
(seconds) trial 1 32 0 114

Maximum breath hold
(seconds) trial 2 38

0
Serial breath holds trial 1 \ 03 0
Serial breath holds trial 2 . 0.3 0

TABLE 3. Breath-Holding Performance

Inpatients or Outpatients
>29 packyears <30 pack years
orCOPD or CHF  no COPD or CHF

Maximum breath-holding
mean (seconds) 25 45

Maximal breath-holding 6th
percentile (seconds) 18

Maximal breath-holding 95th
percentile (seconds)

Serial breath holds mean

Serial breath holds 5th
percentile

Serial breath holds 95th
percentile

Number of patients
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CLINICAL BACKGROUND: BREATH
HOLD

ULT LUNG CANCER SCREENING
TECHNICAL SPECIFICATIONS
Adult Chest for Lung Cancer Screening

Technique Parameters (items in bold are designation requ Failure to meet these requirements will result in deferral of

ation
Scan Parameter Parameter Specification m

non helical and single detector
Scanner ty multidetector helical (spiral) detector rows = 4 scanners are not appropriate for lung
cancer screening CT
Required Series _ No IV or oral contrast should be used
10010140 acceptabla for standard
The mAs selected should result in
diagnostic-quality images of the lungs

Should be set in combination with k\/p to meet CTDIvol | Should take into account the patient's
specifications. body habitus and age, slice width, kVp,

and unique attributes of the scanner
and acqguisition mode

0.75 second is acceptable if a single
breath hold =15 seconds can be
achieved for scanners that cannot
perform 0.5 second rotation time
Should be set with other technical
Pitch (IEC Definition) . parameters to achieve smgle breath

hold scan and CTDIvol speci
Scan duration/ Acquisition time

Reconstructed image width (nominal

width of reconstructed image along z- = 1 mm preferred

axis)

Reconstructed image spacing (Distance < slice Overlapping reconstructions are not
between two reconstructed images) necessary but are acceptable

Max.Tube Rotation Time < 0.5 seconds
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CLINICAL BACKGROUND:
HOLD

51 YO F, 23 cm coverage

2 YO M, 15 cm coverage

BREATH

55Y0 M, 34 cm coverage
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CLINICAL BACKGROUND: BREATH
HOLD

15 cm imaged @ 1.5 pitch @ 40 mm collimation @ 0.4 sec rotation time = 1 sec
23 cm imaged @ 1.5 pitch @ 40 mm collimation @ 0.4 sec rotation time = 1.5 sec

34 cm imaged @ 1.5 pitch @ 40 mm collimation @ 0.4 sec rotation time = 2.3 sec

15 cm imaged @ 1 pitch @ 10 mm collimation @ 1 sec rotation time = 15 sec

23 cm imaged @ 1 pitch @ 10 mm collimation @ 1 sec rotation time = 23 sec
34 cm imaged @ 1 pitch @ 10 mm collimation @ 1 sec rotation time = 34 sec

Scan time is given in DICOM (tag 0018,1150) which may or may not

be in your image volume or dose sheet
scan lengthxrotation time

Scan time can be calculated as . : .
collimationx*pitch

time
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USING DOSE DATA TO GET SCAN
TIME/LENGTH

Almost all dose monitoring vendors allow a ““data dump”’

Fields in the data dump will likely include fields usable to either directly yield scan
length/times or provide the values needed to calculate them
Your Dose monitoring system will either directly give you
Scan range, scan time
Or you can can get scan range and time
Scan range ~DLP/CTDlvol

scan lengthxrotation time

Scan time = —— ,
collimationx*pitch
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USING DOSE DATA TO GET SCAN

Ra:;:yl::ﬁE/LENGTH e i

= Cerner .
el Seart— = Data export Trivial

N in csv format spreadsheet
% [DoseWatch a INEINITT filtering and
oD =
i Do math
., Protocol | Patient | Scan Scan
Scannerside Name | Age Length | Time

; Routine
% AWARE abd/pel

Routine
W RaySafe” @ head
Chest PE
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Length for Abd/Pelvis 6.1/6.2/6.3 on the LightSpeed16 Length for Abd/Pelvis 6.1/6.2/6.3 on all scanners Length for Abd/Pelvis 6.1/6.2/6.3 on the HD750
- - 0 :
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Length of scan (mm)
Length of scan (mm)

Length of scan {mm)
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Time for Abd/Pelvis 6.1/6.2/6.3 on the LightSpeed16 Time for Abd/Pelvis 6.1/6.2/6.3 on all scanners Time for Abd/Pelvis  6.1/6.2/6.3 on the HD750
T T T T T T T

+
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=

oo
o
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Time of scan (sec)
o

Time of scan (sec)

Time of scan (sec)

o
o
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OPTIMIZED PROTOCOLS ACROSS
YOUR FLEET

Using the method shown on the last slide, you can monitor scan times for
any protocol on any scanner in your fleet.

Mean Median 25th 75th
Abdomen/Pelvis ERLYL] 10.0514 10.5806
RGN N e 1 3.0938 2.8288 3.1447
Lung Screening WAL, 2.7856 2.9052
o/ S{JaN 3.5978 3.3898 4.1985

Upper Extremity :RELIE 8.1231 9.9302

Lower Extremity JuENo[ )] 13.0471 16.9920
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OPTIMIZED PROTOCOLS ACROSS
YOUR FLEET

Using the data from the last slide, you can sit at the table with your clinical
colleagues armed with real data on how long scans will take. You can make

informed decisions on scan delay lengths for complicated multiphasic
protocols. Or scan delay adjustments as a function of patient size and
scanner capabilities.
: : Bigger (i.e. water equivalent
Taller patients will need 'gg ( : 9 : :
diameter) patients will need higher
longer scan ranges for the
) tube outputs for the same body
same body region. : : :
region relative to smaller patients.
xrotation time
- — ) l h*T
Scan time = Scan time = S£2-19°

collimationx*pitch collimationx*
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. Adapted
Radiology Group given by

Koresnie
Prague 2
Scanners  Neuro Thoracic Cardio-Vascular Abdomen MSK Pediatricworksho

Pelvis EFOMP,

Vendor 1 Uniformity in Workflow
* Model 1 *< .

* Model 2
* Model 3
Vendor 2

* Model 1
* Model 2
Vendor 3

* Model 1

Sub specialty section experts
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THANK YOU.

Feel free to contact me at
tszczykutowicz@uwhealth.org

Y @uuwiscradiology

ust 1, 2018
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