Implementing New Hematology
System & Technology in
TEN Hospital Labs

How We Incorporated Standardization,
Automation and Middleware to Advance
Patient Care




Objectives

T =

—_
J Understand the process for implementing a Six
Sigma project with standardized tools.

J Describe how the project got launched for system
implementation.

J Discuss how automation and new technology can be
applied to improve workflow and patient care.



Who we are

Banner Health is one of the largest nonprofit health care
systems in the country serving patients across seven states

O 25 hospitals

O Six long term care centers
O Family clinics

 Home care services

O Medical equipment services
 Research

O Surgery centers

O Urgent care

O Hospice

d Compounding Pharmacy



Banner Estrella

Page Hospital

Banner Health Arizona

Medical Centers

Banner Good Samaritan

Banner Ironwood

Banner Baywood/ Banner Thunderbird
Banner Heart
Hospital
2013: Banner
Goldfield

2014: Banner Casa
Grande




Laboratory Sciences of Arizona/

Sonora Quest Laboratories (LSA/SQL)
o

JLSA/SQL was formed by an integration of the hospital
laboratories of Banner Health and Sonora Quest
Laboratories

151% is owned by Banner Health System
J149% is owned by Quest Diagnostics

JLSA/SQL manages Banner Health Arizona clinical
laboratories



LSA/SQL ORG Chart




WHY IS THIS PROJECT IMPORTANT?

« A System Implementation Team was cre:
both quality and technical members to: —

J Ensure System standardization of policies & procedures
J Monitor consistency of site to site training and competency

J Employ the Green Belt Six Sigma project process for the
instrument implementation and IT systems

) Utilize the results of the project to improve the Voice of the
Customer outcomes

TRy




Project Team

The Team includes many LSA System Departments, Site Hospital
Departments and Sysmex Technical personnel.



IMPROVE VOC (Voice of the Customer)

OUTCOMES
o
* The goal of the project is to reduce process

defects that affect VOC results by:

JReducing non-value added steps within the
process

_IDecrease the scan/diff rate by 30%

JMaintain in goal TAT* compliance through-out
the implementation process and post
implementation



Issues with Current Process

_INot all Lab Sites use same in
procedures.

J Variation in practices exist from site to site.

1 The lack of standard practice creates difficulty in site to
site comparisons.

J Numerous manual steps inherent in current
instrumentation creates delays.

J No changes in hematology platform for over 25 years



Our Goals

JStandardization of instrumentation and
procedures provide comparisons from Hospital
Lab Site to Site.

JContinued learning in Lean and Six Sigma.

I Identify improvement opportunities for the
VOC.

JReport parameters from new technology to
improve patient care.



DMAIIC Methodology

‘\

_IDefine
_IMeasure

JAnalyze
_lInnovative Improvement
_IControl




DMAIIC - Define




Define - SIPOC

Cl D | U

O Pre analytical workflow

SIPOC DIAGRAM
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v' Reference ranges



Define - VOC

a Instrumentahm‘,-

J Ease of use
) Reliable
) Hands off
J New technology
T
J Auto-verification
J Downtime
) Results
J Improve or maintain TAT for ER and In-patients
1 Report Clinical Advance Parameters (ACP’s)
J Improve patient outcome




Define - CTQ

Main Hematology work area |

|

Current
Laboratory Computers/Telephones
Layout
— Location of supplies |
e Location of slide stainer |
Reduce non value _ _
added steps and Current testing System Requirements
parameters for
decrease the : .
scan and Analyzer testing capabilities
scan/manual manual
diff tial rate b - - : :
: erer;i;;’ rarEhy differential Staff interpretation of results
——— Patient population |
Current test Physician/caregiver ordering
volume habits
 — Test options in Cerner |

Identify what is critical to Quality



Measure — Data Collection

Data Type:

Discrete; Time

Data Source:
Data Collection System
Description:
Measurement Process
description:
Tools Used:

Known Measurement Errors:

Suspected Measurement
Problems:

Rationale for not performing a
Gage R&R:

Banner Health Computer System - Cerner Millennium
Computer - System
Instrument - System

Timing of the Current Hematology process began with specimen receipt in department and ended
with specimen werification into Cerner.

Excel Spreadsheet, Banner Health Computers, and timer/clocks.
None
Invidual timer/clocks may not have matched other clocks exactly, but the measured time a task

took to complete was found to match.

Not needed. Verified time with a group audit. Audit performed 11/29/2011.

Results of performing a MSA:

Manual measurements were within acceptable ranges for variation.

Measurement system is adequate




) (1) Reduce non added vm

1 (2) Rate of SCANS/MDIFF performed

2 (3) CBC ED TAT DPMO

Project Y Site Baseline Metric Target metric

Reduce non-value A 97 feet 29 feet (63% improvement)

added specimen travel | g 8509 feet 3886 feet (54% )

distance C 96 feet 67 feet (26%)

Current review rate of | A 21.8% 14.5% (32%)

scans/manual B 21.7% 14.6% (7.1%)

differentials C 18.7% 13.1% (5.6%)

Meet ED CBC TAT A 100,000 DPMO (90%) < 100,000 DPMO (90%)

DPMO goal B 100,000 DPMO (90%) < 100,000 DPMO (90%)
C 100,000 DPMO (90%) < 100,000 DPMO (90%)




UA Workstaation
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Measure — Process Maps

BGMC “AS IS” - CBCD TESTING

- Results. ready for
wvarification
Further testing
diatermmined

- Patient specimen for Patient results available on .
esting analyzer
- Dropped off by TM s1aff

Slide available o stain

Cac:rbﬁ 32:(;?12-1 Load sample on Review patient nstrument flags id the analyzer YES
depa ent analyzer instrument results or scan or mdiff2 make a slide?
- MLS Coulter 755
- Test Management staff - CLA - Coulter T50/755 Spedimen
- Properdy labeled - MLS - Agueduct Slidd
specimen - Coulter 7TSO/TS5 - MLS expertise in
- Cemer labels - Agueduct knowing if results are
- CBCD Ordered - Analyzer Rack acceptable Delta or critica
- Reagents

correctly
- Order received comectly flags?

InCemer Verified ms.u|L available in Cerner

Patient results are
autoverified in
Cemer

Remove sample

from instrument

and proceed to
slide making area

Does it need a
slide review?

=

- MLS
- Expertise in knowing if review is needed

Verified resuity available in
Cemer -

Mdiffilscan results available

Suaines slide for review

Verify results in Cerner
and call/document
criticals as required

Perform scan or mdiff

and result in Aqueduct

Take dried slide
to Wescor slide
stainer and stain

slide
i
- MLS

- MLS - MLS - MLS - Expertise in
- PC with Cemer - Expertise and competency in - VVescor stainer making slides

application performing scan/mdiff - Reagents - Slides Not consmtently
- Phone - Microscope - Slide carmier - Pencil [ being met I
- Expertise in verifying - Agqueduct - Diff safe

results -

-

eStart = Specimen arrives in department
Inputs and outputs listed for each step with indication of what is not being met
*Steps to be changed are highlighted
*Stop = Result verified in Cerner

| To be changed




Measure — Benefits of Mapping

\

i
) Determine loopbacks and where the process is
stalled/delayed

J Shows which significant factors can be addressed
J Time and distance can be a factor

J May help to determine a better location for equipment
or process steps

] Can show variation of the same process between
different shifts

J Able to be used to re-evaluate staffing needs



Measure — Process Time

\

Pre-Implementation POST-Implementation
PROCESS TIME / WAIT (WASTE) TIME PROCESS TIME / WAIT (WASTE) TIME
98% -_I 100%
BOB BOB
b E
wow |__ ow I_—
a7Smin 23% B 600min 559%
Time Value Charts: Average Wait Time Value Charts: Average Wait (Waste)
(Waste) Time is 3.92 minutes. No Time is 1.22 minutes. With the addition of
middle-ware was utilized in the pre- middle-ware the process time increased to
implementation process. 3.44 minutes which is demonstrated as

required quality time.



Analyze — Fishbone

- Short sampies
-Spedmen integnty problems
- Recsived in praperly

eceive
-Labeled with Cerner lal

- Tries to help by putting
specimens away

Significant factors which would decrease the
SCAN/MDIFF rate and non value added steps:

v’ Multi-tasking

v’ Multi-step process

v’ Location of the analyzers

v Location of the backup stainer

v Current rules defined for performing a
SCAN/MDIFF

v’ Tech interpretation of when to perform a
SCAN/MDIFF

v Current rules defined for ordering a To Path

Identifies Effects (Symptoms, Customer Impact, Rework, Loopback)



Analyze — Process Map

CBCD specimen

Load sample

Process
Issues in

Is flag
platelet

Flags
for scan

arrives in on analyzer
department Y WAM? elated?
Tech Sysmos Resolve
Test Management staff Sysmex Wy AM YES Issues per
Labeled specimen WAM SOoP
Cerner labels Analyzer Rack Cermer - -
CBCD Ordered correctly Reagents Tech expertise in knowing if Belta
Order received correctly in Cerner Controls in Range ~ "esults are acceptable "
Appropriate Spec Type Consumables NO. or critical
Adg test volume & Integrity flags? o It Count
Verified resylts available AM <1007
in C('rner
Patient results
No't)cc_msistently are autoverified in Check for
eing met Cerner Clot NO
To be changed
9 Specimen
Applicator sticks
PPE
» Vortex per iohazard waste containers
SOP Is WBC
<1?
Tech YES P Clot t?
Vortex Order for specimen resent:
Specimen recollgction
Reject specimen NO
per SOP
oes i
NO. need a slide YES
eview‘?T N
. ecl
Review & Finalize in Load slide Competent to make decision
isi < onto < NO
Verified results available Cellavision & WAM Cellavision
in Cernef Final Patient results
v -
N - Perform Diff 4
Verify results in on SCope No Platelet
Cerner, call/document P e VES NO- clumps or
Result in
criticals per SOP atelitism?
P WAM
Tech_ o Tech ech
PC with Cerner application Microscope Competent to
Phone . WAM, PC, Stained slide, Oil make decision
Expertise in verifying results Expertise/competent

in performing scan/mdiff

Steps may be more consistently met. Rulesin WAM:

» Help ensure consistent process steps

» Help ensure techs know if results are acceptable

Make slide
and stain
on SP1000

Tech
Sysmex

Spec|men
Slide

b

Perform scan
microscope

Tech

Microscope

WAM, PC

Stained slide, Oil
Expertise/competent

in performing scan/mdiff



Improvements — solution Matrix

3) Rating 1-5
S 3o
= SIE G
515 | S8 |[Z 25
= [o SE | E =
£ [= _ m|+= @ (@ 8B
- ==E£Eu E. E.E 1) Total
CEHETEE S E5 0
w o 25 To 3| = :EE(W‘*'?“
Mumber | 2) Solution Description | & |5 £[Z £ & & | E[xRating)
Use the
1 slidemaker/stainer on 3 5 1 3 5 3 a7
the analyzer
locate the analyzer
2 closer to the receiving 5 5 1 5 5 5 87
site of specimens
Educate staff about the
3 correct way to put the 2[5 1 3 5 & 65
barcode
Check for the availability
4 of supplies at the 5 5 1 5 5 5 87
beginning of shift
Train more people in
e hematology (Sysmex) = 1 (I =
DNY SHFT | EVESHFT | MTESHFT ||all Shifts
SOLUTIONS soore| rarkl ng| score | ranking | score | rnkdng rarking
2l orrost UAtechs cross-
tralred|n pats of Hermo 3714 2 |41 3 480 1 1
Cdl il on phnysically locabed
near the anahyzer 3472 3 S.Om 1 340 4 2
Primrary THage station |5 at
|high desk helghit 33 5 |aes| 2 350 2 3
Lowste Viesoor stalner|n
rEnLEl Testares 32| 4 |3emw| 4 240 5 4
EecorsERrE THEge SteE e
e erasares zom| & |2ZEE| B 380 3 5
Secondany Thage stadon in
the venwl Testarea 3e=7 1 ZEET E) 160 =] =

v" HST placed closer to testing are.
Decrease from 76 feet to 16 feet.

v" Additional staff trained in hematology
for off-shift hours allowing less need to
work in multiple departments.

Site B Improvements:
1. Distance travelled by tech
a. Baseline = 96 feet, Post = 41 feet

SCAN/MDIFF Rate
b. Baseline =19.8%, Post = 12.3%
(Test of Proportions = 0.00000)

2.

3. CBCED TAT DPMO - maintained pre and
post go live.



Innovative Improvement
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Time Value Charts : Comparison of old
methodology (Previous Analyzer)- Pre with new
methodology (Sysmex)-Post:

Improvement in decreasing the waste wait time.

e The addition of Test Management Staff
placing the specimen on the instrument
impacted the process.

e  Auto-verification impacted the process.

F-Test & t-Test : The (F-Test) variances & (t-Test)
means are different between the Previous
Analyzer (PA) and Sysmex methodology.

The percent compliance is about the same
between the two methods. However the
average monthly minutes have decreased with
the Sysmex instrumentation. This is
demonstrated on the Control Chart below.

e (Pre) Previous: 2011 data - Nov

e (Post) Sysmex: 2012 data — May

Box-Whisker Chart: Shows the differences in the
placement of data and variation between the
two instrumentation processes. The Sysmex
process shows improvement from the PA
process.

Metric Pre Post
Wait Time

% Change
3.9min 1.2 min 69%

Percent Compliance 96.5%2 96.8% 0.3%
Average Minutes 1.6 min 7.7 min 32.5%

Sysmex vs. Previous Analyzer(PA)

SysmexVS. Coulter

*
Y
E
=
x
x
=

COULTER

oM X XM O M M MMM MM XX XXX

12-May 11-Now
menths




Control - Charts

Buta DiFf Scan/MdiffPrimary Scan/MdiffS=condary EER h‘-—-‘_--"—_-.

Waorkstation Works tation

g Jr ] &rzannz E gl ST Rl s IN2IaNz

Decreased by 38%

Goal: Decrease by 30%




Control Plan - results

CBC AVERAGE MINUTES

12.10 ~

11.60 A UCL 11.44

11.10 - SYSMEX IMPLEMENTATION DEC 2011

INTERFACE
PROBLEMS
MARCH 2012

10.60

s
e
s
o]
1

CL 9.66

9.60

9.10

Average Minutes

8.60
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Control Plan

!

Specimen
analyzed

v

Review slide if
necessary

:

CBCD verified in
Cerner

PLAN/DO CHECK ACT
Process Steps What & How to Check Target When Who Action Required
(example — replace)
- . Process owner
CBC..‘.D specimens 51 00 000 Qua“ty . . :
delivered to the ’

Hom dopt CBC ED TAT DPMO DPMO Monthly Specialist Cr::j/;eev; gcfl;j;lr;t:feys
SpeCime‘:: loaded Scan/diff rate ivoe%g Qualit Process owner
then on analyzer for one month 13.9% oras | s ecial?lst review & identify

P causes of failures
needed




Reaction Plan

‘

< START )
v

PMeasure CEBCD
TAT pearcent
compliance Imn
accordamnce wwith
Dhata Collection
Flamn

Is thhe
compliamnce in

TREND: a situation which
shows staff competency
miay be in queastion basaed
omn the number or type of
defects (out-liers)
LT rirec .

Rewview outliers
arnd subrmit to
Hamatologyw
Coordinmnator for
trend review S
CE L Se

ogo=l?

Docurmeaent percent

control chart

L

Retrain Staff using
C EMND }—l_ Skills Guide / P&P

campliance om o

reswiewne S Fisg

Send info to IT @

Droaes rewiew

show trend™?




Advance Clinical Parameters (ACP

Automated Immature Granulocytes **¥[G***

Identifies and Quantifies Immature Myeloid cells
Counts 32,000 cells — More sensitive and more precise than
manual differential™

White Blood Cells IG = Metas + Myelos + Pros
. Early screen for sepsis
’a# (Immature Granul te o Better indicator for infection than wac”

Comparable to ANC

1G% >1% Iindicates a left shift

1G% >3% muay predict positive blood cultures with 38% specificity an
929% Positive Predictive Value®

Detects myeloproliferative disorders

Neutrophil count includes bands

Flags atypical cells and reflexes to manual review

ago0a

Count)

N

Automated Immature Platelet Fraction ***[PF**¥*

v Evaluate mechanism causing thrombocytopenia®
+  Determine need for platelet transfusion

+  Predict platelet count recovery

v IPF recovers ~3 days earlier than platelet count®

Platelets

| Plts + @ IPF = Peripheral destruction or BM Recovery

REFERENCES: e~

1 docy using the XE 2100. Am T of Clin Path; 2003;120(5):795 —799.

2 A on of Gramulocytes. Am J Chn Pathol 2007; 128; 454 463

3. Assessment of an immature platelet fraction (IPF) in peri thrombocy ia. BrJ of K logyv. 2004; Ful: 126(1): 939
a ion as 2 predictor of platelet recovery following b iatic p itor call ion Lab 1

platelet
2006; 12(3):125-30



Immature Granulocyte (1G%)

v" 25-year-old female with autoimmune disorder
v" Admitted to hospital with severe hemolytic anemia
v" Treated with steroids.

v" Elevated WBC.
Day 1 Day 5




Immature Platelet Fraction (IPF)

+ |PF =»Thrombocytopenia Managemen
+ Differentiate Production vs. Destruction
* Oncology
* Evaluate bone marrow recovery
* Pharmacy help identify patients with HIT
* Platelet transfusions
* Avoid unnecessary bone marrow aspirates
* Avoid unnecessary expensive testing



Advanced Clinical Parameters (ACP

I ! IﬁQ’- Automated Nucleated Red Blood Cells ***NRBCs***

* Instrument checks for NRBCs on every patient
N P v" Up front for ICU, NICU, Oncology patients
v Any CBC that flags possible NRBCs will reflex to rerun specimen for

automated NRBC evaluation

REd BIOOd CEIIS ‘. = One NRBC in an adult is important finding®

«  Study®: ICU Mortality rate 3X higher if NRBCs present when patient

NRBCs (Nucleated Red Blood moved from ICU to floor, compared to ICU patients with no NRBCs
Maoemobilait
Cells) i

3-Part Retic WNIM Automated 3-Part Retic ***Retic-Comprehensive***

1) Retic # & Retic % AS——

2) IRF (Immature ’ 1) Reticulocyte Count and Percent (Retic # & Retic %)

Orthocheomats
Retlculocyte Fraction) A 2) IRF (Immature Reticulocyte Fraction)
A v Quantitative measure of immature retics
v Indicates bone marrow response to anemia —

v"  Elevated IRF indicates increased red blood cell response from bone marrow

3) RET-He (Reticulated Hb Equivalent)

v Qualitative measure of Hb in reticulocytes.
v Cellular evaluation of iron status
v Diagnose iron deficiency and monitor response to treatment
v Not effected by inflammation or uremia
v Used by National Kidney Foundation clinical practice guidelines to detect iron
deficiency anemia in chronic kidney disease®
a v Adopted by AHRQ for management of patients with End Stage Renal Disease
REFERENCES: v Cited in clinical guideli for the di is of i defici ia in child 0-3
1. The Climical Relevance of Nucleated Red Blood Cell Counts. Sysmex Journal ited in clinical guidelines for the diagnosis of iron deficiency anemia in children 0-
International Vol 10. No. 2 (2000). years old*®
2 Mucleated red blood cells in the blood of medical intensive care patients mdicate c R L. ) )
mmereased mortaliy risk: aprnspechvecnhmtshndy Critical Care 207, 11 R62. v Study”: Preop evaluation of anemia in orthopedic patients = decreased red blood
o/focfiorum com/content/1 .
PR —: ; sdelines snemialcorl? him cell transfusions

4. DxagnoslszndprevmnoflrmDeﬁmennyandItm])eﬁc Anerz in
Infants and Young Children (0-3 Years of Age). Padiatrics 2010:126:1040-1050

5. Protocol for Transfuesion-Free Major Orﬂ:l:paedr:OpamnnsuangRErHe

Sysmex Joumnal Infernational 2009. Vel 19, Mo 1.



Reticulocyte Hemoglobin (RET-He)

Immature Retic Fraction (IRF)

v’ Early diagnosis of iron deficiency \‘

v" Helps monitor iron therapy

v Monitor drug therapy in pharmacy. E.g. Erythropoietin Stimulating
Agent (ESA) therapy.

v Pre operative work for elective surgeries
v" Add to anemia care sets

* Results:
v Decrease re-admission rate due to anemia as follow:
v 2012: 13.2%
v 2013: 10.9%
v 2014 : 8.3% (YTD - Jan - June)

v" Incorporated RET-He in CORE Program at BDWMC. Improved
patient outcome from elective surgery.



Summary - Workflow

handling. ——
J Standardized 10 hematology laboratories with one LIS System
into one Sysmex WAM middleware system.

J Established standardized rules that will help the technologist
follow the same procedures on flagged specimens.

J Improved capacity and throughput.
J Maximize existing work space.
J Automated peripheral blood smear review.

J Implemented auto-verification system wide with an average
rate 85%.

) Decrease peripheral blood smear review by 30%
J Maintained ED CBC TAT goal throughout learning curve



Summary - Technology

_ Leveraged new technolog) se patier
includes the following: e

J Immature Granulocyte (1G)

J Immature Platelet Fraction (IPF)
J Immature Retic Fraction (IRF)

J Reticulocyte Hemoglobin (RET-He)

J Improve coding and billing
) CPT code for IPF (85055)
) Nosocomial infection vs. acquired - I1G

1 Financial
1 Decrease LOS
1 Decrease re-admission rate due to anemia
1 Decrease RBC/ PLT transfusions
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