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Quality Control?

Dr. James Westgard at 2011 AACC meeting:

Quality Control regulations are actually
Quality Compliance regulations!

They specify the minimum frequency and don't
reflect what may really be needed to ensure
the system is in control.
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Problems with Standard QC

» Snapshot in time, usually performed post
maintenance and calibration (when system is
optimized)

» Expensive and time-consuming, multiple bottles of
QC material and “hits” of reagent used

> Matrix Effects

» Best solution is continuous monitoring-but how?
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Moving Averages

» Also known as Running Average or Average of
Normals

» Continuous process rather than snapshot
» Extremely cost effective

» Allows comparison of analyzers and modules on the
same graph

» Roche/Data Innovations have moved MA from
theoretical to reality!
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Assessment of “Average of Normals” Quality Control procedures and
Guidelines for Implementation, Cembrowski, Chandler, and Westgard,
The American Journal of Clinical Pathology 81:4 pp.492-497 (1984)

Background Material

Evaluation of the Average of Patients Application: Application to
Endocrine Assays, Douville, Cembrowski, and Strauss. Clinica Chimica
Acta 167 pp.173-185(1987)

Design and Assessment of Average of Normals (AON) Patient Data
Algorithms to maximize run lengths for automatic Process Control,
Westgard, Smith, Mountain, and Boss. Clinical Chemistry 42:10 pp.1683-
1688 (1996)
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So Where to start?

Goal is to monitor process not the patients!
Dr. Mark Cervinski, Ph.D, DHMC

> ldentify “Marker” Chemistries

» Monitor all analytical systems: Chemistry, ISE and Immunoassay

» Want a 360 View

» Module to Module on same instrument
» All Modules, all instruments (Modular PPE vs. Cobas CCE)
» All Modules against an average of “all” line

» Three Bears Theory

» Detection flags need to be appropriate, not too hot or too cold
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Marker Chemistries

Mark Simmons, PhD suggestions of medium to high potential candidates based

on Average of Normals, Westgard et. al.

» Alkaline Phosphatase: chance of drift

» Aspartate aminotransferase (AST) and Bicarbonate (CO2): sample
Issues

» Calcium: chance of drift, problem chemistry for many users

» Blood Urea Nitrogen (BUN) Creatinine and Glucose: small sample size

» Sodium and Chloride: monitor possible reference electrode issues

» Free Thyroxine (FT4) and Thyroid Stimulating Hormone (TSH): for IA
(E-mod)
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Intial Chemistries selected

Based on dally total volume, minimum of 20
tests:

ALB, ALKP, ALT, AMY, AST, BUN, CA, CHOL, CL,

CO,, CPK,CRE, DBIL, FE, FT4, GGT, GLU, HDL,

HSCRP, K, LDH, LIP, MG, NA, PHOS, PSA, TBIL,
TP, TROPT, TSH, TRIG,URIC, VIT B12
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Calculate Mean and SD

» Use MA protocol function to automatically
calculate mean and SD

» 500 results used for most, low volume 100

» Must set truncation limits (filters), used +/- 4
SD of Reference Range

» Looking for “normal” population so excluded
pediatric, hematology/oncology, dialysis, ICU
and ED (trauma) patients

» Are you excluding Quality Control samples?
| ODARTMOUTH-MIICHCOCK, ALLRIGHTSRESERVED
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Determining the "N’

> Need to determine “N” or number of results used

In MA data point graph calculation

= Used Cembrowskiand Parvin articles

= Calculated Sp (SD of population)/Sa (SD of analytic method)
used Cembrowski Nomogram, Sa based on QC values

» More Is better right, so why not just set it high
(>50)7?

» Increasing N too high decreases sensitivity and increases
number of affected samples prior to detection (may take too long
to flag shift)
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Initial Trial: Simple

Averaqge
Each graph datapointis comprised of muttipletestresults

Can set exclusion criteria based on SD (ex. exclude 4SD above and below mean)

>
>
» Setwarning and error thresholds (flags)
= Straight SD limits, based on calculated average
= SD Prime limits, using the Standard Error of the Mean (SEM)= SD/\' N,
where 2SD’ represents 95% of confidence interval
= Absolute Value limits, useful if using CLIA Total Allowable Error (TEa) limits
» Observations are weighted equally
» Allows the smoothing of data to account for scatter about the mean
TEST RESULT MOVING AVERAGE
o —
GLU 109| 111.2
GLU 113 .
GLU L
GLU 112

_J

110.2
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Simple Moving Average: Smoothing Effect

Levy-Jennings Chart of Temperature on New Year's Eve
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5 Year Moving Average of Temperature at Midnight on New Year's Eve
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Source: Data InnovationsMoving Averagesparticipant'sGuide, 2010

11



2% Dartmouth-Hitchcock

EX

s |

ponential (Weighted) Moving Average

» Also know the exponentially weighted moving average (EWMA)

» Exponential smoothing assigns exponentially decreasing
weights over time to each data point.

Relative Contribution of Result

1 2 3 4 b 6 F 8 9 10 11 12 12 14 15 16 17 18 19 20

|l Sirnple m Exponential |
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Source: Data InnovationsMoving AveragespatrticipantsGuide, 2010
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Initial Findings

» Simple MA SD thresholds may be too broad and
SD’ may be too restrictive

» Exponential MA too sensitive to single
fluctuations, need to refine methodology and
revisit

» Some assays are not good candidates for MA

because of volume and patient population
(cardiac markers, uric, etc).

» Different Inpatient vs. Outpatient means causing

iIssues with “All Patient” warning limits 13
| ODARTMOUTH-MIICHCOCK, ALLRIGHTSRESERVED
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MA Screen Basics

o Instrument Manager by Data Innovations, Inc. - [Moving Averages Desktop] =12 x]
2 System Configuration Diagnostics Security SpecimenManagement SR DC SR MM MA Reparts Window Help =12 x|
Fgg’;gﬂ = Ca-N Inpatients only 22 al Resjgu=Fretoty =
co2 pn\‘me [PTotocol Data \
I CO2-N Data Value N
[~ CO2-N Inpts only 1 2 - 1 0 Protocol Name|Ca-N Inpatients only
I CO2-N Outpts only LastRestart  [6/24/2011 3:45:53 PM
Fggi'o TargetSD 085
I~ CPK XM Target Mean |87
I~ CPK prime 11.25 ErorHigh 104
™ Ca Xm Warning High [9.55
; gz &rigﬂg Warning Low |7.85
I CaN30 10.40 [[Esarlon
[~ Ca-N InPt TAE 1.0 mg/dL a: - :
™ Ca-N InPt TAE 1.0 mg/dL us Series 2 Mod 2 ‘)
¥ Ca-N Inpatients only Series 3 C1
r g?éll\i}gﬁtpat\ems only Series 4 c2 P L
l':Chol prime 9 - 55 aerEl L__|
I~ Chol-N PoingData
I Chol-N Inpt only = Dhta Value N\
I~ Chol-N Outpt anly % ; PointValue 1916 N\
I Chol =:8.70 ' SOI 54
I~ CIXM o - [ -
I~ Cl prime E Point Generated|8/10/2011 1:39:38 PM
I~ CI-N Series Name  |All
= CI-N Inpts only
I~ CI-N Qutpts only
rcro 7.85 Result Data
[ Cre XM Location'Specimen
I~ Cre prime Result = Result Datey1
I Cre.N - Facility |ID
I~ Cre-N Inpts only 7 00 91|IcCU  [112221765A 81072011 1p-
I~ Cre-N Quitpts only : 9.1|SDA 112221792C|8/10/2011 1p:
" Cre-0 8.9|NSCU  |112221312B(8/10/2011 -
Fg g::: Xr'i‘:ﬂe 92[1EST 1122200008 8/10/2011 2
) Bmﬁi 6.15 10.3[3EST 112221521A 8/10!2011[12::
I D Bili-N Inpts only . 8.3|SDA 112222109A 8/10!201[12::
™ D Bili-N Outpts only 10.3[5WST  [112221843A 8/10120/1 1:0:
" D Bili-0 93[1EST  [112221837A[8/10/9011 1:0:
[ FT4 prime 87(3EST 1122134138 8/1pf2011 11
::EZE Inpts only 5.30 84[3wsT  [112221840C|pA02011 1.2
I™ FT4-N Outpts only 1 2 3 4 56 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 \/
rFT4-0
CGETN _’ILI q I B
7—|—|’7
| Logged On Lser: IM_ADMIN | Locale: Defaul [ ez | A
:t'start| & (@ B & nstrument Manager by ... | ’W
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SD vs. XM: Choride

Example of Running Average versus Weighted
Average

O)[x] CI XM 20

example of XM not adequatshy
normalizing/correcting results 20 warning is
premature
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SD vs. SD Prime: Sodium

> Shift of +/- 3 mmol/Lis this an error?

> Are filters set correctly?

» Are the SD warning and error limits too lenient?

149.8

142 .96

14217
7

7/
y141.38

140.59
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B9.80
E .

139.01
{38.22
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e

\ S

136.64
1
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Using Absolute Values to Se
Limits

» Can use SD or absolute value to set warning and error
flags
» TEa for calcium is 1.0 so we didn’t want to exceed this

Ca-N InPt TAE 1.0 mg/dL (=) 3 pu—— ,/_\\

Theeshold Value 2 [Stardard Devidiors: Below mean)

[TOr

13,70 Hoifer Evert ~Nore -

Stert Haiding fo Verfieation Donothodests

Mak cui o senice N

Thresheid Valoe 1 [tervlerd Devidion: Below mear]
10,20 Nelfer Evert: None-

Stert Haiding fo Verfieation Donothodests

Mak cut o senice No

Thresheid Valoe 1 [Stervderd Devigions Abave mear)

970 Holfes Evert: ~Mane-

Start Haiding s Verfeation Donot hodtests

Mak cut o senice No

Thrsshoid ¥ive 2 Stervdard Devaiors Above mezr)

Holfes Evert: ~Mane-

Stert Haiding s Verfeation Hold tistest

Mak cut o senice No

Threshald Vahe

77 e oke)
ol Ever Hore
St Hokdng for¥esfcaion Dandtbokess
Mtk s o
- = Treshld Vo B2 ake)
) Nolfer Evert: -Hare
S Haldngforverhesion Donatholiess
Mtk s 1o
.20 T Vabe 82tz oke)
ol Eyer are
S Hodng orVerfeaion Dorathokess
Motk s [
&.70 ' Frfig
1 2 3 4 5 =] i 8 2 10 11 12 13 14 15 16 17 18 189 20 TheshadVae 87 enkts Vake]

ot Evert Hors
,-"_.-'x-::_ Stat Hokdng orVesfiostion Hold i et
sk o o servics Ho
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Patient Population Effect?

Repeated dally pattern observed from 4-7am,
already excluded ICU and HemOnc patients!

-] Ca [==]<]

11.40

10.90

10.40

1 2 3 <4 5 S] v 8 2 10 11 12 13 14 15 16 17 18 19 20
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Inpatient vs. Outpatient: Calcium

Certain chemistries (Alb, Ca, TP) with significantly different
patient means, calcium inpatient 8.7 while outpatient 9.6

Ca-N Inpatients only = 3 | =[]

A —-a'h-\.\_: R e =
e oo ey,

n'glll:".
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Fine Tuning Protocols

» For most assays we changedthe 2 SD warning and 3 SD error to 1 and 2
SD

» In this scenario 3 SD error limit exceeds TEa of 1.0 by 0.5
» For tests with different Inpatient vs. Outpatient (Alb, Ca, TP) means we
changed the exclusion from 4 SD to 3 or 2.6 SD to normalize the “All

| o)
11.40
11.40
10.90 Warning and Error at 2 and 3sd but still sesing patient population bias because data
10.90 exclusion set at 4sd
10.40
10.40

8.40
7.90 7.90
7.41 7.41

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

4

L.
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Real Time Notification

Using Notifier Function to set customized user defined
event:

» Status Screen

»Pop on designated PC work stations

»E-Mall

»Can set to hold flagged tests or all tests in
SM Workspace for Tech review

21
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Status Screen Alerts-Passive Notification

o Status Display _IEI 5'
fi Data Innovations, LLC
License #: IM-10680881
Connection |Stﬂtus IIn Servic:el InI Ian SendOI Sentl Ermrsl
Furge On 0
Qmgr On (272 0
Cuality Contral On 0
Specimen Routing  Off

o Status Detail

Driver

=i

|Data Innavations Inc. Inter-M Interface +8.00,0005

Configuration |Inter-|M for M Cales

Status [On @ 8/3/2011 1:44:53 PM

Device |TCP/IPA10001 Server
Start Selected Stop Selected Det
Connections | Connections | 1] Lt ey et I

Last Message Heceived

|8f’9f’2D11 1:44:53 P

L ast Date/Time |Gty [Error
§/9/2011 03:2534 1

— —
|Hesull for Specimen 1D: 112210211E created a point above the emor threshold for Moving Averages plﬁucul. TP Inpt Prime on series: C1. Enor high threshold tiggered. )

Clear Send Clear Emors Other ik O f Cloze
| | | Service | |
294
(-
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Pop Up Notification-Active

Can have pop message on specific and multiple
PCs

x|

Message from TRAININGOS061 to TRAININGO8061 on 4/6{2010 11:11:32 AM
Moving Average exceeded warning threshold
At 4/6/2010 11:11:29 AM this message was generated:

Moving Average exceeded warning threshold
Result For Specimen ID: 654 created a point above the warning threshold for Moving Averages protocol: Glucose on Man1 on series: MREI 1, Warning high

threshold triggered.

23
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E-Malil Notification-Active

s

— ' HEG = S . . o ; e (Dl -
!.f’tgga lﬂ = B T @ o = Errar-Low Threshold Exceeded, check Inpt and Outpt graphs - Message [Plain Text)
Message Developer 'Q‘J
3 : ™| 5 G4 Find
X i\k $ x 1 e . — Safe Lists = = v ¥
ﬁ — —4 _p"lr ﬁ/ |_-"; '4 ._% Related ~
Reply Reply Forward Delete Move to Create Other Elock Mot Junk Categorize Follow Mark as
to All Folder~ Rule Actions~ || Sender — - Up~ Unread by Select =
Respond Actions Junk E-mail F] Options P Find
Extra line breaks in this message were removed.
From: IM Moving Averages Server [im.moving. averages@Hitchcock, ORG] Sent: Wed 8/17/2011 12:35 PM
Taoc Frank A. Polito
Co
Subject: Error-Low Threshold Exceeded, check Inpt and Cutpt graphs
.

At B/1772811 12:34:32% PM this message was generated:

Error-Low Threshold Exceeded, check Inpt and Outpt graphs Result for Specimen ID: 11222522ZE
created a point below the error threshold for Moving Averages protocol: TP-N on series: All.
Error low threshold triggered.

24
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Triggered Events

» Can be set to resend at set intervals until events cleared

» Can be customized with instructions, prompts

» Protocols can be set to hold results if certain events
triggered such as error versus warning (high or low)
alerts

System  Configuration Diagnostics  Security  Specimen Management 53R DC SR MM MA&  Reports  Window Help

b glrtrlsr Low check Inpt and Outpt graphs ;Zitun for Specimen |D: 112391 3084 created a point below the enror threshold for Moving Averages pratocol: Na-All Pt on series: C1. Enor low threshold tiggered.
Ermar Low Result for Specimen (D: 112391 4464 created a point below the eror thieshold for Maving Averages protocol: Na-npts anly on series: Al Enar low threshold igoered.
Ermar Low Result for Specimen (D: 112331 3694 created a point below the eraor thieshold for Maving Averages protocol: Na-npts anly on senes: Al Enar low threshold igoered.
Ermar Low Result for Specimen (D: 1123316424 created a point below the emor threshold for Maving Averages protocol; Na-npts only on series: Al Enar low threshold igoened.
Ermar Low Result for Specimen (D: 1124000254 created a point below the emor threshold for Maving Averages protocol; Ma-npts anly on senies: Al Enar low threshold iggened.
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E-Mail from Day Off

& Instrument Manager by Data Innovations, Inc. - [Moving Averages Desktop]

& System Configuration Diagnostics  Security  Specimen Management S5R DC SR MM MA Reports Window Help

Select the protocol =
I~ ALKP XM

™ ALKP prime

I~ ALKP-N

™ ALKP-N Inpts only
™ ALKP-N Outpts only
I~ ALKP-O

T ALT Prime

- ALT XM

T ALT-N

™ ALT-N Inpts only
™ ALT-N Outpts only
I ALT-O by
~ AST XM

I~ AST prime

T AST-N

™ AST-N Inpts only
™ AST-N Outpts only
[~ AST-O

™ Alb prime

I~ Alb-N

I~ Alb-N Inpts only

I~ Alb-N Outpts only
" Alb-O

I~ Albumin XM

™ Amy XM

™ Amy prime

™ Amy-N

™ Amy-N Inpts only
™ Amy-N Outpts only
I~ Amy-O

™ BUN XM

™ BUN prime

I~ BUN-N

™ BUN-N Inpts only
™ BUN-N Outpts only

TP-N

=18l=l
=181x]

B8 Restart Protocol

H|F‘rotoco| Data

HlData Value

9.20

8.70

8.20

HlProtocoI Name|TP-N

||LastRestart [8/2/2011 3:23:55 PM

|{Targetsp [05

HlTarget Mean (7.2

HlErrorngh 8.2

HlWammg High |7.7

HlWammg Low |67

HlErrorLow 6.2

HlSer\es 1 Mod 1

HlSenes 2 Mod 2

HlSenes 3 Ci |
Series 4 Cc2 o
Point Data =

HlData Value

[IPoint value 6 216666666666666667

I 3] -1.97

|lPoint Generated|8/17/2011 7:38:16 AM | —

I2arias Mam: o |

[Result Data
Result 1223101 PPeCIMen |Result DaterT

7 3[HCHNW 11122819448

8/16/2011 7:5!

6.5|HCNW  [112282412A

8/16/2011 11

6.9|MANS  [112283416A

8/16/2011 11

7.1|HCB 112283003A]

8/17/2011 12z

56[1EST 112290207A
Lt _9]ISCU 1122903568

8/17/2011 437
L3¢

BUN-O
gcoz o 7[3EST  [112200217A(81712011 4.4
I CO2 prime 570 56/1EST  |112290203B|8/17/2011 4.5¢
- cazN 55/4WST  |1122902908|8/17/2011 62!
I~ CO2-N Inpts only 54[4WST  |112290303B(8/17/2011 62
Fggg'g Outpts only 63(ICCU_ |112290226A|8/17/2011 631
Pty 5 20 ~__ 55/4wsT 1122000538817
I CPK XM
™ CPK prime 1 6 1 1
~CaXm =
T | o] . | 2l
Done
Logged On User: IM_ADMIN |L0cale: Default 872011 ‘ 1245 PM

distart| @ (2} [ & Instrument Manager by ... « () 1245

26
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» Use proactively post QC rounds dally

» All warning notifications are examined for trends
and action taken

» Abllity to look across modules and analyzers to
troubleshoot

» Abllity to look at total or All population vs.
Inpatient and Outpatient

» Goal is to catch drift/changes so acting on
warnings Is crucial

IS It working?

27
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Continue to Fine Tune Protocols

» Must ensure exclusion filters are set correctly
» Fine tune SD warning/error flags and exclusion limits

= TETgeT oL o ]
CaN &8 & Target Mean |94
Error High 10.4
11.40 Warnin g High |99
Warning Low |89
10.90 Errar Low 84
Ser 1 Mod 1
Series 2 Mod 2
10.40 Series 3 CA1
Series 4 2
Series 5 Al IE
< | |
Point Dat =
d Data Value
Point Walue 8 857
SOl -1.09
Point Generated|G/16/.
<| | >
Resuit[-2cation Spc
9.6|3K 111
B 7|NSCU 111
9|3K 111
9 3|3K 111
8.1|4WST 111
7.41
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20— L
a 7 9|ED 1= 28
"'\/ o
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Shift on One Module Only?

Change only half of CLIA Total Allowable Error (TEa) of 1.0 mg/dL

Ca-N Outpatients only

11.50
suspect 1sd shiftin Mod1 will
recalibrate, QC and weekly
11.00 comparison within acceptable
limits
10.50

Ca-N Outpatients only

8.50

8.00

7.50

12 3 45 6 7 8 910111213 141516 17 18 19 20

Fostrecal of Mod1

2 3 4 5 &8 7 8 8 1011 12 13 14 15 16 17 18 19 20
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Observed Possible Shift Prior to Dallv

» To calibrate or not?
» CLIA TEa is 5% or approximately 5, already at 3
» QC within range but shift seen in All Pts, Inpt and Outpt graphs

CI-N (=) &3 (=)|E3)
1182 1183
1129 1124
108.5 108.5
e g T —
106 3" e ey 106.3
. . e - '-\Ir—-__-"'"-:——-"‘———-u__., T
e — —
[ —— — ——p—— ———-\.-——__,--:h
E"IEIE u.._-—-I:%-q"—l_;'—'_'_. = E"II:IED‘;.—: ——— —_—I—_..l—'_—|_'|—
g ] = — L= —
ag. 7 8g.T s
o5 4 05 4
231 83.1
8o 8 BE B
1 2 3 4 5 & T B g 10 1 z 2 4 5 o T B o 10
s &
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Problem?

e e e e e e PR

Sent: Wed 11/16/2011 12:20 PM |

From: IM Moving Averages Server [im.maving.averages@Hitchcock, ORG]

Ta: Frank A, Palito |
Co I
Subject: Errar-High Threshold Exceeded, check Inpt and Cutpt graphs |

.

At 11/16/281( 12:28:23 PM JYhis message was generated:

Error-High Threshold Exceeded, check Inpt and Outpt graphs Result for Specimen ID: 113281238C created a point above the error
threshold for Moving Averages protocol: Na-All Pts exclusion set at 2.8 sd on series: C2. Error high threshold triggered.

From: Timothy

Sent: Wednesday, November 16, 201
To: Frank A. Polito;

Subject: C502 Na issue

C502 ISE's were shut off just after rounds today because we began to see the ISE issue again. Diane had seen a couple repeat Na's by that
time that she couldn’t feel good about.

We actually turned the ISE’'s on on C501 (doesn’t use the affected R2 prohe system), and have contacted Dave . He will be here by 1500,
and did conform what we had done was “okay”.
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1 2 3 4 &5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
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130.3

127.4
1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96

:‘ 33
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Next Steps

» Adjust exclusion rates on “all Pt” graphs from 4.0 SD to
3.0 or 2.6 for those assays where Inpt vs. Outpt are
different

» Remove those tests that don’t seem to work Uric Acid
(Pts on Uricase) CPK and LDH (population really not
normal).

» Adding assay Protocols: Urine Microalbumin,
Thyroxine/T4 and Ferritin

» Refine Protocols further- go from better to best “N” for
earlier detection

» Work with Roche/DI to improve product:

» Rather than points on MA graph X-axis have date/time
» Allow MA graph to scroll forward and backward rather than

y
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