TO DIFF OR NOT TO DIFF.....

A Guide to Truth Table Analysis

Patti Merritt, MT(ASCP)SH
Hematology Product Specialist
Beckman-Coulter, Inc
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OBJECTIVES

< Why re-evaluate diff review criteria?

< What is a truth table?

< What is required for a valid truth table
analysis

< Look at truth table results to establish what
is significant and what is not

< What is TP, TN, FP, FN?
< Making adjustments to review criteria
< Examples
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Why re-evaluate diff review ¥j
criteria?

< Using the same review criteria from 1960's
< Aren't enough warm bodies to do the work

< Feel like you are doing diffs on every slide
and the majority are “normal”
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What is a truth table?

< Determines the sensitivity, specificity and
efficiency of the automated differential in
distinguishing normal from abnormal
specimens

< Looks at the Laboratory’s Definitive flags
and whether or not they are working for you
and not against you. =
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Variables to Take Into Consideration

< Patient Population
< Primarily Normal or Abnormal?
< Good representative mix during data collection?

< Sensitivity settings on the instrument

«+ Cut-offs to determine a positive /
negative result

< Manual diff results — Rumke’s Rules &
Tech to Tech variation

< What is the medical significance of a
band?
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What is necessary for a valid
truth table analysis

VALIDATE. VERIFY.
DEMOMNSTRATE.

«* Sources such as:

< CLSI-H20A - “Reference
Leukocyte Differential Count
and Evaluation of Instrumental
Methods”

< CLSI-EPQ9A - “Method
Comparison and Bias
Estimation Using Patient
Samples”

< www.clsi.org
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What is necessary for avalid o
truth table analysis
< Guideline Recommendations:
< Make sure the instrument is in good operating order
% Clean
< Recent Calibration
< Controls are in range
< 200 specimens are necessary for valid istical
results (minimum of 40)
<+ Not more than 25% of the total number on a single
day
« Samples should be a good representation of normal
workload; including both normal and abnormal
patients

< Specimens and slides should be run / made within 4
hours of collection
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What is necessary for avalid o
truth table analysis

< Guideline Recommendations:
<+ Specimen should be inverted at least 20 times
before slide preparation
< 3 wedge slides for each specimen — A, B and C
< Stain slides within one hour of preparation
< Technologist should be “qualified”
<+ Be able to classify all common cells

< Know most WBC and RBC variations both congenital
and acquired

<+ Attitude, motivation and concentration are key factors

S sz

Performance You Can Count On

What is necessary for avalid o
truth table analysis

< Guideline Recommendations:
<« 400-cell differentials should be performed on each
specimen
<+ 200-cell differential on one of the two slides by each
Technologist; one uses slide A and one uses slide B
« Differentials should be “blind”
«+ Call Morphology if it is something you would act on
or consider medically significant
< Spare slides are for discrepancy results or recounts
by a third qualified Technologist
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RUMKE'S RULES
< 95 % Confidence Limits for various
percentages of blood cells of a given type as
determined by differential counts.
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BLIND DIFFERENTIAL WORKSHEET

Slide No.
Technologist Date

Manual Differential RBC Morphology
Segs Normal
Bands
Lymphs. Aniso
Var Lym Poik
Mono Hypo
Eos Poly
Baso Macro
Meta Micro
Myelo Sphero
Pro Target
Blast Ovalo
NRBCs /100 WBCs Schisto
PLT Est I H-JBodies
Giant PLTs Burr Cells
PLT Clumps Baso Stip
Toxic Gran Teardrop
Dohle Bodies Sickle

Other

I

WBC Comments: RBC Comments:

Define review limits and review ——
protocol

< What instrument-generated flags require further
action

< ImmNE1

» Left Shift ———

» ImmNE2 —ra

<+ Immature Grans U Blasts

« Blast

« Variant Lymph

< Dimorphic RBC

< Low Event #

< Verify Diff

e

Performance You Can Count On




Definitive and / or Action Limits

Reference
Limits

Low High

Definitive (Action)
Limits

[ tow 1 High 1 Low |
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1

Limits

Lymphocytes

Monocytes
Eosinophils
Basophils

Variant Lymphocytes

Segmented neutrophils
Band neutrophils

Manual Differential Abnormal

Metamyelocytes
Myelocytes
Promyelocytes
Blasts

NRBCs

Other (specify)
Other (specify)
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< Define manual diff abnormal limits for each cell type
< Consult with Pathologist

< Be specific; if 15% is the limit for bands then 14% is normal

or negative and 16% is abnormal or positive
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Clinical Condition

H20-A Specimen Types for Clinical Sensitivity Study

Characteristic Leukocyte
Differential Count Finding

Absolute Cell Count

Proportional Cell Count

[Acute Inflammation Bacterial [Granulocytosis and/or 29.0x10°L

Infection
Left Shift (band forms) >0.9x10°L

[Chronic Inflammation [Monocytosis 20.8x10°L >10%

Parasitic Infection [Eosinophilia >0.5x 10°L. 1%

Allergic Reaction

Viral Infections Lymphocytosis and/or 235x10°L >50 %
Lymphocytes, variant forms**

infectious mononucleosis 0.7 x 1091

cytomegalovirus infection

infectious hepatitis

[Aplastic anemia, [Granulocytopenia 15 100 <10%

[chemotherapy

HIV infection ymphopenia <10x 1070 <T%

[Acute leukemia immature cells, including >0.1x 107 >2%
blasts™

[Severe anemia myelophthisicfNucleated red blood cells™ 50,02 x 10°1L >2%

anemia




International Socie

Lab Oorato l'}" Hﬂmﬂ.t

INTERNATIONAL CONSENSUS GROUP FOR HEMATOLOGY REVIEW

The International C: Group for Hematclogy Review is
pleased to publish the following guideline:

Suggested Criteria for Action Following
Automated CBC and WBC Differential Analysis

http://ISLH.org/2004/Committees/ConsensusGroup/CGCConsensusRules.htm
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ISLH CONSENSUS RULES

<+ Group representing 6
a countries / 17 hospitals

Tha Ineernations! Censensut Growp for Hematslogy
v Sugge e

ot B B s + Reviewed >13,000 samples
- using the same review
criteria

«+ Established 41 “rules” or
“guidelines” for smear
review

< Incorporate “delta” checks

< Bands are not evaluated

- @mm
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ISLH Consensus Report ISLH.org
Conscasus Rules ‘
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WHITE PAPERS

The International Consensus Group for Hematology
Review: Supgested Criteria for Action Following
Automated CBC and WBC Differential Analysis

PO Massan,’ 8, 1 Mot 5 )M

< Correspondence & Reprints:

<« Stefanie L. McFadden, MT(ASCP)SH
Laboratory Consultant
104 S. Westmoor Ave.
Columbus, OH 43204

email: stef5441@yahoo.com @
COULTER
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HOW TO ESTABLISH A TRUTH TABLE

< For each specimen analyzed on the
instrument

<« Classify the instrument results as Normal (“negative”)
if NO definitive flags (aH, aL, cH, or cL) or suspect
messages are present or none of the results fail your
“new” review criteria

<« Classify the instrument results as Abnormal
(“positive”) if definitive flags (aH, aL, cH, or cL) or
suspect messages ARE present or any of the results
fail your “new” review criteria

&.
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NORMAL vs ABNORMAL
< NORMAL < ABNORMAL
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NORMAL vs ABNORMAL
< Indicate on the printout whether it is considered
IR — . B

s: §E§ : : Ty
POSITIVE (P) & i\ 1
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ME F 3.7

e 0.7

0.5

w# 0.1

wa# 0.0

MEBC 40,0

HOW TO ESTABLISH A TRUTH TABLE

< For each manual diff:
< Average the differential results
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HOW TO ESTABLISH A TRUTH TABLE

< For each manual diff:

 Classify as Normal (“negative”) any manual
diff in which all cell types are normal and within your
established limits

< Bands = 14 and upper acceptable limit is 15 then this
differential would be considered NEGATIVE

<1+ Aniso is called on RBC morphology and > 2+ is
considered abnormal then this differential would be

A considered NEGATIVE
O 5
% N
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HOW TO ESTABLISH A TRUTH TABLE

< For each manual diff:
 Classify as Abnormal (“positive”) Any

morphological or distributional abnormality present

<+ Bands = 16 and upper acceptable limit is 15 then this
differential would be considered POSITIVE

<+ 3+ Aniso is called on RBC morphology and > 2+ is
considered abnormal then this differential would be
considered POSITIVE

5= .
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Truth Table Definitions

< Categorize each specimen as one of the
following four categories and record the
results on the Truth Table Worksheet:
« True Positive — results from both the instrument and
the manual diff are positive
« True Negative — results from both the instrument and
the manual diff are negative
« False Positive - results from the instrument are
positive, but the manual diff is negative.
< False Negative - results from the instrument are
negative, but the manual differential is positive.
=)
courer
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True Pos? False Pos?
True Neg? False Neg? 3
< After reviewing the manual diff results add TRUE or
FALSE to the report:

Nx 76 2 A
TRUE By e : l
POSITIVE (TP) [mi: &' ==

MERC RO.0 -
or wee o i — =]

wae 21 e TR Gran
FALSE s 8l e
POSITIVE (FP) et st b

TRUE
NEGATIVE (TN)
or

FALSE
NEGATIVE (FN)
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TRUTH TABLE WORKSHEET

< Tally the TN, FN, TP and FP and place these
totals on the worksheet:

Instrument Results

Normal (Negative) | Abnormal (Positive) | Total

[Normal True Negative False Positive
(Negative)
100 3 |16
Reference 200
Manual Differential [Abnormal False Negative Tiue Positive

(Positive) 5 % 97

Totd 102 98 200

Total # specimeng
utilized for study

&
TRUTH TABLE WORKSHEET
< Using the totals placed on the previous
worksheet, calculate your statistics:
|_ PARAMETER CALCULATION RESULT (56)
% TN Number of TN/Total 50.0%
% TP Number of TP/Total 47.5%
% FN Number of FN/Total 1.0%
% FP Number of FP/Total 1.5%
Pass Rate |“_/uTN +%FN 51.0%
Review Rate % TP + % FP 49.0%
Specificity [# TN /# (TN + FP)] x 100 97.1%
Sensitivity [# TP 7% (TP + FN) x 100 97.9%
Predictive Value of a [# TN /# (TN + FN)] x 100 98.0%
Negative Test i
Predictive Value ofa — [[# TP /# (TP + FP)] x 100 96.9%
Positive Test i
Efficiency [(# TP +# TN) / Total] x 100 97.5%

THOUGHT QUESTION

< If your flagging limits are set correctly,
ideally which two categories on the Truth
Table should contain most of your samples?
«* True Positives “r

~

.

-

«* True Negatives

@Bm
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THOUGHT QUESTION

< If your laboratory’s FP rate is around 40%
what corrective action do you think would
help?

<« Broaden the instrument limits / definitive flags

S s
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THOUGHT QUESTION

< If your laboratory’s FN rate is around 35%
what corrective action do you think would
help?

«* Tighten the instrument limits / definitive flags

< Adjust sensitivity settings
< LH700 Series “r
+ DxH800 0

S sz
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LH700 Series
FLEXIBLE FLAGGING
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DxH800 Series

FLEXIBLE FLAGGING
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THOUGHT QUESTION

< If your laboratory’'s EFFICIENCY is around

40% what does this mean?

< The laboratory needs to re-evaluate their protocol and
make adjustments to increase their TP / TN and

decrease FP / FN o

.
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The Great Debate
BANDS

< Precise morphologic definitions
of band neutrophils are quite
variable

In addition to scepticism
regoardlng the analytic reliability
of band cell counts in the era of
automated WBC differential

?I’ there is evidence that
d cells may not be a
particularly useful indicator of
infection or inflammation.

Toward Abandoning The Band —
A practice recommendation of the CCQLM
Released May 2006
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The Great Debate
BANDS
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in ONE day
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You will never

FPs and FNs
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SUMMARY

Performing Truth Table Analysis is NOT a spur of the
moment decision or something that you will complete

Reviewing your diff protocol periodically is a great
way to help “see” exactly the efficiency of your lab

Variables (bands, Tech to Tech) can influence the
outcome and must be considered

completely be able to eliminate ALL of

your manual diffs but it can help reduce some of the




