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• Monetary benefit
• Waste Reduction
• Standardized Process

• Patients
• CT Staff
• Radiologists 

• Injection Process 
• AGH CT Scan, Radiology
• By August 31,2024

From May 2023 to October 2023 the average cost for contrast used 
on PE and standard Abdominal CT scans has been calculated to be 
$41,445 or $6,907/month. This results in increased cost to the patient 
and the department. 

The goal of this project is to decrease the 
average cost of contrast from $41,445 to $37,301 or to 
$6216.83/month by August 31, 2024.

CT Contrast Cost Reduction

Problem Statement Goal Statement

Business Benefit Areas of Impact Project Scope

Project Name: Project Start Date: January 1, 2024

Define – Project Charter



1. Regarding PE studies and using the standard injection protocol, do you feel that more 
contrast is used than necessary to provide quality imaging?

 Yes      No      Sometimes

2. Regarding standard Abdomen/Pelvis studies and using the standard injection protocol, do 
you feel that more contrast is used than necessary to provide appropriate portal venous 
enhancement?

  Yes     No    Sometimes

Physician Survey Result

Define – Voice of the Customer



Repeat 
injections

Saline infiltrate and no 
other access available

Contrast 
Extravasations

Loop not connected 
tight creating spray

Order change after 
contrast connected 

to patient

PeopleFailureWaste

Cardiac & Stroke 
Filling

Using standard 
injections

Using syringe that 
was pre-loaded for 

something else

Using too much 
contrast on small 

patients

Syringe overfill for 
selected study

Expires b/c we spike contrast too early

Spiking 2 rooms in the a.m.

Techs pitch contrast at end of day 
instead of moving to ED

Par level too high

Prefilling syringes then patient is 
no show

Drawing up 100ml out of 
habit

Define – Affinity Diagram

Contrast studies ordered at 
different times





Need Drivers Customer CTQs

Procedure Failure

Appropriate contrast amount is loaded & used 100% 
of the time

Reduce extravasation rate by 25%

Define - Lean Six Sigma Critical to Quality Tree

Reduce contrast 
waste and 
decrease spending 
on contrast

Waste reduction 

Staff Process
Staff transfers left over contrast to the ED 100% of the 
time

Staff only spikes 1 contrast bottle in the a.m. 
100% of the time

Reduce repeat injections caused 
by other variables by 50% 



SUPPLIERS INPUTS PROCESS OUTPUTS CUSTOMERS

Define - Lean Six Sigma SIPOC CT Contrast Cost ReductionProject Name:

Technologists 
prepare contrast

Technologist places 
IV or tests existing IV

Technologist selects 
injection protocol

Technologist injects 
patient during scan

Scan is completed

Technologist 
assesses IV site

Technologist may 
verify order

Contrasted CT 
orders placed by MD

BD Insyte

Ordering MDs

Radiologists

CT Staff

RNs

IV Team

Baxter

Bayer

Medline

3M

IV access

Injection protocols

Contrast Supply

Technologist 
Experience Level

Epic orders

Scan protocols

IV supplies

Clinicians

Radiologists

CT Staff

RNs

IV Team

Patients

Contrast volume 
adjustment

Potential contrast 
waste

Diagnostic or 
suboptimal study 

Successful injection

Obtain patient’s 
weight

Extravasation

Potential order 
change

Radiologist Report

Contrast billing

Supply purchase



Supplies 
ordered and 

received

Measure - CT Injection Process Mapping

MD places 
contrasted 
CT order

Is contrast 
indicated 

per 
Radiology 
protocol?

No
Technologist 
verifies order 
with ordering 

MD

Yes

Does 
ordering MD 

confirm 
contrast 

necessity?

Yes

No
Contrast 

order changed to 
non-contrast by 
technologist to 

match MD request 

Technologist 
prepares 
contrast

Technologist 
inserts IV or 
tests existing 

IV

Technologist 
obtains 

patient’s 
weight

Technologist 
selects standard 

injection 
protocol

Technologist 
injects patient 

during scan

Technologist 
completes 

scan

Technologist 
assesses IV site 
and removes IV 

if applicable

Potential 
delay trying to 

reach MD

Patient may 
have limited 
IV access

Potential for 
leak or 

extravasation 
w/ power 
injection

Weight may 
not be 

documented 
in Epic

Does study 
warrant P3T 

protocol 
selection?

Yes

No

Technologist 
selects P3T 

injection 
protocol

Contrast 
volume may 
be excessive



Data Collection Plan Template

# Potential KPIVs

What Metric 
Will Measure 

It?
Type of Chart or 

Graph Used What are You Trying to Prove?

Was Your 
Assumption 

Correct?

1
Contrast 
Volume

Bayer Certegra 
manager in 
milliliters

Run Chart Table

As the contrast volume used for PE & 
Abdominal studies is decreased, cost 

to the patient and the department 
decreases while maintaining image 

quality.

Yes

Measure – Data Collection



2023

Month # PE Studies Performed # Standard AP 
Studies Performed

Total ml's of 
contrast used

# Isovue 370 
Cases/month

Total Cost 
(@$279/case of 6)

January 266 537 70,990 23.66 $6,601.14

February 206 537 67,090 22.36 $6,238.44

March 261 538 70,765 23.58 $6,578.82

April 236 554 70,740 23.58 $6,578.82

May 276 547 72,640 24.21 $6,754.59

June 252 590 75,380 25.12 $7,008.48

July 254 586 75,110 25.03 $6,983.37

August 247 577 73,755 24.58 $6,857.82

September 260 598 76,700 25.56 $7,131.24

October 281 539 72,165 24.05 $6,709.95

November 256 559 72,540 24.18 $6,746.22

December 286 565 75,090 25.03 $6,983.37

Totals 3,081 6,727 872,965 290.94 $81,172.26

$5,600.00

$5,800.00

$6,000.00

$6,200.00

$6,400.00

$6,600.00

$6,800.00

$7,000.00

$7,200.00

62,000

64,000

66,000

68,000

70,000

72,000

74,000

76,000

78,000

Contrast Volume vs Cost 

Total ml's of contrast used Total Cost (@$279/case of 6)

Measure – Data Collection



MATERIAL

Cost of 
contrast
used for PE &
standard AP 
studies is too high

MACHINEMAN

METHOD MEASURE MOTHER NATURE

Scanner speeds

Overfilling syringes-waste

Manual protocol changes

High P3T 
thresholds

Standard 
Injection 
Protocols

Spiking contrast 
too early

High volume/fast paced environment

Extravasations=reinjections

Repeat studies for quality

Late order changes

Orders placed separately 
(an hour apart)

IV supplies

Technologist 
experience level IV Access

Causes EffectAnalyze - Fishbone Diagram 



The 6 month 
average cost for 

contrast used on PE 
& standard 

abdominal scans 
has been calculated 

to be $34,144

The average 
amount of 

contrast injected 
for PEs and 

standard APs is 
72,747 

mls/month

The average 
amount of 

contrast wasted 
on PEs & 

standard APs 
scans is 11,663 

mls/month
 

The average 
extravasation 
rate  is 676 ml 

contrast/month 
or 13.8 

patients/month

Standard injection 
protocols

Orders placed at different 
times/Triage entering 
orders prior to patient 

being seen in ED

High volume/demand results 
in excessive contrast amount 

loaded by technologist

Orders changed after 
contrast loaded

Reinjecting because of 
extravasation or for quality 

reasons

Poor IV access

Skill/experience of staff 
that placed IV

IV supplies

Perform final order verification 
then select appropriate 

injection protocol

Use P3T protocols for PEs & 
standard APs

Improve - Counter Measure Matrix Template

Problem Statement
KPOV (Y)

KPIV (x) Solutions/ Countermeasures

KPIV (x)

KPIV (x)

Root Causes

Confirm IV will withstand 
power injection. Get 2nd 

opinion if necessary

Restart the IV yourself if you’re 
are not confident w/ the 

existing IV access

Pull System

Pull System

Kanban

Discuss extravasation status at 
each monthly staff meeting

Review QA notes from 
Physicians w/ staff to improve 

performance

Leave transfer set connected 
until protocol verified

Verify that all 
connections are tight

Audit repeat ED orders 
and present results at 

monthly meeting

Do not inject diffusix 



Project 
Name:

CT Contrast Cost Reduction
Date:

Step Process Activities
Department 

Director
Department 

Manager

Chief 
Technologist 

(me)

Senior 
Technologists

AHN 
Technologists

Agency 
Technologists

Ordering 
Physician

Radiologist
Inventory 

Control 
Specialist

Patient RN
ED 

Management

1 Order supplies A A,C R,A,C R
2 Place contrast study order in Epic I I I R A
3 Order verification R,A R,A,I R,I R,I C C
4 Prepare contrast/injector R,A R,A R R

5
Leave transfer set connected until order 

verification complete R,A R,A R R
6 Assess existing or place IV R,A R,A,I R,I R,I C
7 Start new IV if necessary R,A R,A,I R,I R,I
8 Select injection protocol R,A R,A,I R,I R,I R
9 Select P3T for PE & standard AP studies R,A R,A R,A R R

10 Inject during scan R R,A,I R,I R,I
11 Bill contrast in Epic A R,A R R R
12 Assess IV site, remove IV if applicable R,A R,A R R

13
Review study

R,A,I R,A,I R,I R,I R R,A

14
Review QA notes from MDs w/ staff 

R,A C

15
Discuss extravasation status at monthly 

staff meeting R,A

16
Audit repeat ED orders and present results 

at monthly meeting A A R,A R R R I
17 Do not inject diffusix catheters R,A R R R

Improve - Lean Six Sigma RACI Matrix Template

Responsible (R): Those who perform the activity Accountable (A): Person who approves work done by those Responsible
Consulted (C): Those who must be consulted before the activity is performed Informed (I): Those who must be informed after the activity is completed

2.19.2024
Student Name:

Maureen Gregory


RACI Template

		Improve - Lean Six Sigma RACI Matrix Template

		Project Name:		CT Contrast Cost Reduction		Date:		2.19.2024				Student Name:				Maureen Gregory

		Responsible (R): Those who perform the activity										Accountable (A): Person who approves work done by those Responsible

		Consulted (C): Those who must be consulted before the activity is performed										Informed (I): Those who must be informed after the activity is completed



		Step		Process Activities		Department Director		Department Manager		Chief Technologist (me)		Senior Technologists		AHN Technologists		Agency Technologists		Ordering Physician		Radiologist		Inventory Control Specialist		Patient RN		ED Management

		1		Order supplies		A		A,C		R,A,C												R

		2		Place contrast study order in Epic								I		I		I		R		A

		3		Order verification						R,A		R,A,I		R,I		R,I		C		C

		4		Prepare contrast/injector						R,A		R,A		R		R

		5		Leave transfer set connected until order verification complete						R,A		R,A		R		R

		6		Assess existing or place IV						R,A		R,A,I		R,I		R,I								C

		7		Start new IV if necessary						R,A		R,A,I		R,I		R,I

		8		Select injection protocol						R,A		R,A,I		R,I		R,I				R

		9		Select P3T for PE & standard AP studies						R,A		R,A		R,A		R				R

		10		Inject during scan						R		R,A,I		R,I		R,I

		11		Bill contrast in Epic				A		R,A		R		R		R

		12		Assess IV site, remove IV if applicable						R,A		R,A		R		R

		13		Review study						R,A,I		R,A,I		R,I		R,I		R		R,A

		14		Review QA notes from MDs w/ staff 						R,A										C

		15		Discuss extravasation status at monthly staff meeting						R,A

		16		Audit repeat ED orders and present results at monthly meeting		A		A		R,A		R		R		R										I

		17		Do not inject diffusix catheters						R,A		R		R		R



				** Solutions**





HVIU Example

		Lean Six Sigma RACI Matrix

		Project Name:		HVIU Productivity Project		Date:		1/23/19				Student Name:				Erica Jacobs

		Responsible (R): Those who perform the activity										Accountable (A): Person who approves work done by those Responsible

		Consulted (C): Those who must be consulted before the activity is performed										Informed (I): Those who must be informed after the activity is completed



		Step		Process Activities		Unit Directors		Unit Managers		Clinical Supervisor		Charge Nurse		RN		Admission RN		PCT		US		Tele Tech		Physician		PAT		Cath/EP lab

		1		Unit Staffing to Grids		A		R,C		R,C		I		I		I		I		I		I

		2		PAT for the patient		I		I		I		I		I		I		I		I		I		A,R,C		A,R,C		I

		3		Unit Admission for Patient						A		I		R		R		I		I		I		I				I

		4		Admission Binder for Patient												A,R

		5		Patient Transport to and from Cath and or EP						I		I		I		I		I		I		I		C				A,R

		6		Nurse Assignment								A,R		I						I

		7		PCT Assignment								A,R		I				I

		8		Nurse to Nurse Report										A,R														A,R

		9		Room Assignment						A,R,C		R,C		I		I		I		I		I						I

		10		Unit Communication Board								A								R

		11		Room Set-Up for Incoming Patients										A,R

		12		Patient Orders										I										A,R

		13		Initial Patient Care (Set up IV, site checks, circulation checks, etc.)										A,R

		14		EPIC documentation										A,R

		15		Dispensing, Administering Medications										A,R

		16		Removal of the Sheath										A,R

		17		Continuum of Patient Care										A,R				A,R

		18		Telemetry Monitoring										A,I								R		I

		19		Patient Discharge										R,C										A,R

		20		Patient Transport for Discharge						I				A						R





Central Staffing Example

		Lean Six Sigma RACI Matrix

		Project Name:		At-Staff Centralized Staffing Project		Date:		6/21/18				Student Name:				Kristen Williams

		Responsible (R): Those who perform the activity										Accountable (A): Person who approves work done by those Responsible

		Consulted (C): Those who must be consulted before the activity is performed										Informed (I): Those who must be informed after the activity is completed



		Step		Process Activities		Unit Directors		Nursing Administration Director		Unit Managers		Central Nursing Manager		Clinical Supervisors		Administrative Supervisor		Charge Nurses		Staffing Coordinator		Unit/s Staff		Time-Keeper		NA		NA

		1		At-Staff Centralized Staffing Process		A		A		R		R		R		R		R		R		R		R

		2		Department Employees enter their schedule into At-Staff						A				R				R		I		R		R

		3		Review the schedule entries and shuffle the schedule as needed						A, R				R										R

		4		Post Open Shifts on At-Staff for staff review						A,R				R								I		R

		5		Identify and record ESB Shifts						I										A,R				I

		6		Employees review open shifts and sign up via At-Staff						A,R				R				R				R		R

		7		Manager approval of the Unit Schedule						A,R		I		I		I		I		I		I		I

		8		Approve Schedule and Import into a Master Schedule						I		A,C		I		I		I		R		I		I

		9		Update Clair Via schedule prior to the 3AM, 11AM, 7PM Staffing Report										A,R				I		I

		10		3AM, 11AM, 7PM, Housewide Staffing Report								A				R				R

		11		Fill Schedule Holes via "Floating from another Unit"						I		I		I		A,R		R,C		R				I

		12		Fill Schedule Holes via "Float Pool Staffing"						I		I		I		A,R		I		R				I

		13		Fill Schedule Holes via "Support Staff"  						C,I		I		I		A,R		I		R				I

		14		Fill Schedule Holes via "Contract or Agency Employees"						I		I		I		A,R		I		R				I

		15		Fill Schedule Holes via "Per Diem Agency Staffing"						I		I		I		A,R		I		R				I

		16		If a hole can not be filled…						I, A,R		I		I		R		I		R				I

		17		Cancel shift hours that are above the target Census and HPPD						I		I		I		A,R		I		R				I

		18		5AM-7AM, 1PM-3PM, 9PM-11PM Call-Ins						I				I		A,R		I		R				I

		19		Update Staffing in At-Staff @ 5AM, 1PM, 9PM						I				I		A,R		I		R		I		I

		20		At-Staff Productivity Report		I				A,R		I		R								I





L&D Supply Cost

		Lean Six Sigma RACI Matrix

		Project Name:		L & D Supply Cost Project		Date:		9/1/18				Student Name:				Jazz Patterson

		Responsible (R): Those who perform the activity										Accountable (A): Person who approves work done by those Responsible

		Consulted (C): Those who must be consulted before the activity is performed										Informed (I): Those who must be informed after the activity is completed



		Step		Process Activities		Unit Directors		Unit Managers		Clinical Supervisor		Charge Nurse		RN		Admissions		PCT		US		OR Tech		Physician		NA		NA

		1		Patient Arrives at L & D Department						A		I				R				I				I

		2		Assign Patient to L & D Room						A		R		I		I				I				I

		3		Add Supply Sheet to Patient Chart						A										R

		4		Assign Nurse to Patient 						A		R		I				I		I		I

		5		Use Supplies in Delivery										R				I				I		R, A

		6		Turn Restock Sign to "Restock"						A, I		I		R				I		I

		7		Drop Sheet into Basket #1 After Case. (Need Restocking)						A, I		I		R				I		I

		8		Pushes Kanban Light at the Front Desk to Indicate Need to Restock						A, I		I		R				I		I

		9		Distribute Sheet from Basket #1 to Restocker and Turn Off Kanban Light						A				I				I		R

		10		Put Name & Time of Restock Person on Board						A				I				I		R

		11		Restock L & D Room						A				R, I				R, I		I

		12		Drop Sheet into Basket #2 (Supplies Stocked)						A, I		I		R, I				R, I		I

		13		Clear Room from Board Indicating Room is Ready for Next Patient						A		I				I				R

		14

		15

		16

		17

		18

		19

		20







Improve - Future State CT Injection Process Map

Supplies 
ordered and 

received

MD places 
contrasted 
CT order
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prepares 
contrast

Does study 
warrant P3T 

protocol 
selection?

Technologist 
performs order 

verification 

Is contrast 
indicated 

per 
Radiology 
protocol?

Yes

Contrast 
volume may 

be 
excessive

No

Ordering clinician 
notified & contrast 
order changed to 
non-contrast by 

technologist 

Technologist 
obtains patient’s 

weight

Yes

NoTechnologist 
selects standard 

injection protocol

Technologist 
selects P3T 

injection protocol

Technologist 
injects patient 

during scan

Technologist 
completes 

scan

Technologist assesses 
IV site & removes IV 

if applicable, 
discharges patient

Potential 
delay trying 

to reach 
MD

Technologist 
documents 

repeat orders

Orders 
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different 

times

Technologist 
leaves transfer 
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until final order 
verification 
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Potential for 
leak or 

extravasation 
w/ power 
injection

Is an IV 
access 
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No

Yes

Technologist 
starts IV

Contrast 
may 

expire

Technologist 
stays & 

communicates 
w/ patient while 

palpating site



Control - Action Item Log Template
DATE # ACTION RESPONSIBLE DUE DATE STATUS COMMENTS

12.5.24 1 Begin discussions about P3T utilization MG 2.29.24 Complete

1.2.24 2 Implement P3T use for PEs & Standard APs Staff 
Technologists 2.29.24 Complete

2.14.24 3 Display P3T reminder on injector console MG 2.29.24 Complete
2.28.24 4 Share Future state process map at March staff meeting MG 3.31.24 Complete
2.28.24 5 Send studies to MDs for quality approval using P3T MG 3.31.24 Complete
2.28.24 6 Add injection process to orientation packet MG 3.31.24 Complete

3.4.24 7
Record how many patients return for same day additional 

injections 
Staff 

Technologists 3.31.24 Ongoing

3.4.24 8
Begin practice of leaving extension set connected to syringes until 

final order verification
Staff 

Technologists 3.31.24 Complete
3.4.24 9 Collect Cetegra Data MG Monthly Ongoing



BEFORE

AFTER

P3T Implementation

Programmed 
standard 
injection rates

Programming 
weight based 
contrast volumes



BEFORE AFTER Workflow Implementation

Loading injectors with 
standard volumes and/or a 
random volume of contrast

Waiting for final order verification prior 
to selecting/loading contrast volume

Educating the agency staff 
to use the posted reminder 
for P3T use



Control – Primary Metric
Month May-23 Jun-23 Jul-23 Aug-23 Sep-23 Oct-23 Nov-23 Dec-23 Jan-24 Feb-24 Mar-24 Apr-24 May-24

Contrast Cost 
for PE & 

Standard AP

$6,755 $7,008 $6,983 $6,858 $7,131 $6,710 $6,746 $6,983 $6,297.03 $6,095.41 $6,438.72 $6,447.87 $6,680.55 

# of PE & AP 
Patients

816 816 816 816 816 816 816 763 797 843 874 879 925

Target Line $6,216 $6,216 $6,216 $6,216 $6,216 $6,216 $6,216 $6,216 $6,216 $6,216 $6,216 $6,216 $6,216 

$6,755 
$7,008 $6,983 

$6,858 
$7,131 

$6,710 $6,746 
$6,983 

$6,297.03 
$6,095.41 

$6,438.72 
$6,447.87 

$6,680.55 
$6,473.33 

816 816 816 816 816 816 816 763
797 843 874 879 925 867
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Radiologist Image Quality Review
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