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Agenda
ÅWhat is quality in AP ancillary tests?

ÅHow to measure quality in surgical pathology?

ÅWhat are types of ancillary tests and tissues used in 
surgical pathology?

ÅWhat is the impact of tissue processing on quality of 
ancillary tests? 

ÅWhat is the quantity of tumor / lesional cells necessary 
for predictive markers, molecular genetic assays?



Facts about PALM

Å2% CMS expenditure

Å70-80% EMR data comes from 
laboratory

Å60% to 70% of all clinical 
decisions are based on laboratory 
test results 

ïDiagnosis, treatment, hospital 
admission, discharge

ÅPALM heavily regulated by federal 
agencies 

ïCLIA, CAP, AABB, FDA etc. 

4Adapted from American Clinical Laboratory Association
http://www.acla.com/importance-of-clinical-lab-testing-highlighted-during-medical-lab-professionals-

week/

PALM service line serves: 5 hospitals, 30+ clinic delivery 
sites, growing outreach program
12 Million laboratory tests, 80,000 surgical pathology 
accessions, 160,000+  specimens, 70,000 
cytopathology, 7500 molecular tests, 5300 cytogenetics
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Am J ClinPathol2008;130:238-246 

http://www.acla.com/importance-of-clinical-lab-testing-highlighted-during-medical-lab-professionals-week/


What is quality in AP ancillary tests?

ÅQuality in AP ancillary tests starts with overall quality 
management program in AP, aligning institutional philosophy 
and core values
ïQuality assurance program

ÅSystematic monitoring of quality of processes

ïOverall quality of AP service

ÅAccuracy, Completeness, Timeliness

Å What is quality in surgical pathology? R E Nakhleh, J ClinPathol2006;59:669ς672.
Å Nakhleh RE. Introduction. In:NakhlehRE, Fitzgibbons PL, editors. Quality management in anatomic pathology: promoting patient safety through systems 

improvement and error reduction. Northfield: The College of American Pathologists, 2005:1ς4. 



Quality Management Plan

Å Organization

Å Personnel

Å Equipment

Å Purchasing and Inventory

Å Process control

ï Pre-analytic

ï Analytic

ï Post-analytic

Å Documents and Records

Å Information Management

Å Occurrence Management

Å Internal / external Assessments & 
regulatory Audits

Å Continuous Improvement

Å Customer Service

Å Facilities and Safety
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How to measure quality in AP ancillary tests?

ÅWhat is quality in surgical pathology? R E Nakhleh, J ClinPathol2006;59:669ς672.
Å Nakhleh RE. Introduction. In:NakhlehRE, Fitzgibbons PL, editors. Quality management in anatomic pathology: promoting patient safety 

through systems improvement and error reduction. Northfield: The College of American Pathologists, 2005:1ς4. 

Accuracy Timeliness Completeness

Pre-analytic

Analytic

Post-
analytic

Turn around 
time

Customer 
satisfaction

QA 
monitors



QA monitors in ancillary studies-1

Pre-analytic
Å Specimen 

fixation
Å Specimen 

transport
Å Specimen 

identification
Å Adequacy of 

clinical 
history 

Å Accessioning 
errors

What is quality in surgical pathology? R E Nakhleh, J ClinPathol2006;59:669ς672.

Analytic 
Å Grossing monitors 

Å Block labelling errors
Å Sectioning quality & errors

Å Histology monitors 
Å Processing quality
Å Embedding errors 
Å Cutting and slide labelling errors 
Å Slide quality 

Å Histochemistry / Immunohistochemistry / Molecular / 
Cytogenetic
Å Frequency of repeat assays

Å Control failures
Å Annual inventory review and positive rates
Å External validation : PT

Å Microscopic interpretation

Post-analytic 
Å Transcription 

errors 
Å Verification 

errors 
Å Report 

delivery errors 
Å Incomplete 

reports 
Å Diagnostic 

finding 
correlation 
with ancillary 
studies (IHC, 
EM, FISH, 
Mol, CG)



QA monitors in ancillary studies-2

What is quality in surgical pathology? R E Nakhleh, J ClinPathol2006;59:669ς672.

Turn around time monitoring-
effect on final pathologic diagnoses
ÅSpecial stains
Å Immunohistochemistry
Å Immunofluorescence
ÅFlowcytometry
ÅElectron microscopy
ÅMolecular
ÅCytogenetics 

Clinician satisfaction and/or 
complaints
ÅOverall satisfaction
ÅDiagnostic accuracy
ÅFrozen section timeliness and 

accuracy
ÅReport timeliness
ÅReport completeness
ÅPathologist availability
ÅRecent changes





One Quality Vision, Mission, Values
HENRY FORD PRODUCTION SYSTEM

Å Best in Class
ï Every Life Deserves World-Class Surgical Services

Å Culture of continuous improvement
ï Relentlessly Pursuing Perfection

Å Culture of worker empowerment for change
ï Never Make, Accept, or Pass a Defect

Å Deming management principles 
ï Our People Are Our Experts & Most Valuable Asset

Å Lean work rules & principles
ï Variation and Poor Communication Are Our Enemies

©Henry Ford Health System, Pathology and Laboratory Medicine, Richard J. Zarbo



What are ancillary tests in AP?

ÅSpecial stains
ÅImmunohistochemistry
ÅMolecular pathology
ïDNA, RNA, proteomics

ÅElectron microscopy
ÅImmunofluorescence 
ï(kidney, derm)

ÅFlow cytometry
ÅCytogenetics

FFPE

Fresh / fresh 
frozen 

Tests that typically 
helps in making a 
diagnosis, prognosis 
or predictive 
information



ICI{ ǎǳǊƎƛŎŀƭ ǇŀǘƘƻƭƻƎȅ άǎǘŀƛƴ ƭƛǎǘέ
Special stain # at HFHS

Immunohistochemistry 184

Special stains 67

Molecular 25

In-situ hybridization 16

Flow cytometry 57

Immunofluorescence 12

ElectronMicroscopy 3

Grand Total 364

Cytoplasmic
Nuclear
Cell membrane

Diagnostic
Prognostic
Predictive



Factors affecting any ancillary studies and 
pathologic diagnosis

ÅPreanalytical factors

ÅAnalytical factors

ÅPost-analytical factors



Specimen 
collection

Transport

Grossing

Tissue 
processing

Alcohol, 
clearing, 
paraffin 

impregnation

Embedding

Cutting 
station

Sectioning/ 
waterbath 
floating/ 

mounting slide 

Staining
Deparafin., 

rehydration, 
staining, 

dehydration 
clearing, 
mounting 

Review

Ancillary 
studies

IHC, Mol

Clinic / endoscopy 
/ OR / radiology

Pre-analytical 
Analytical and  post-

analytical factors

Fresh

Formalin / alcohol (cyto)

Room temp

40 C

-200 C

All these variables affect 
downstream ancillary tests

Different 
processors

Different protocols

Microwave

Heated

Ambient

Extended Fixation

Dehydration

Clearing

Paraffin

Orientation of tissue ς
on end, on edge, en face

Forceps vs tampers
Size of mold

Thickness

Single vs ribbon

Charged vs uncharged slide

Thickness

Single vs ribbon

Charged vs uncharged slide

Fresh

Formalin ς
triaged 
within 1 
hour of 
procedure?

Type, size of tissue

Subspecialty training

Years in 
practise-PA,Res

Academic productivity

Subspecialty training

Board certifications

Years in practise

Gen. Vs subsp. practise



Standard grossing of specimens

ωAll specimens must be examined, dissected ideally in the fresh 
state

ωMany cases come from satellite hospitals, medical centers 
Åand it is very important to fix the specimen in 10% NB 

formalin ASAP to prevent autolysis
ωAvoid submitting fat unless it is a part of a margin in resections 

or it is at the interface with tumor. 
ωThe sections should be ~ 2 mm in thickness. 
ÅNot thicker than a nickel and not larger than a quarter
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Lumpectomy with localization (for microcalcification/mass) 
Å Blot dry the specimen and ink with multiple colors, if oriented; blot with paper 
ǘƻǿŜƭ ǿŜǘ ǿƛǘƘ .ƻǳƛƴΩǎ ǎƻƭǳǘƛƻƴ ƻǊ ŀƭŎƻƘƻƭΦ 

Å Serially section the specimen in 2-3 mm intervals (perpendicular to the needle 
wire, when possible). 

Å If a mass or discreet nodule is identified, process as described in Excisional 
Biopsy/Lumpectomy for Mammographic Density or Palpable Mass. 

Å Arrange the slices in order on plastic wrap and x-ray at the appropriate 
exposure time. 

Ink code:
Superior ς.ƭǳŜ όάǎƪȅέύ
Inferior ςDǊŜŜƴ όάƎǊŀǎǎέύ
!ƴǘŜǊƛƻǊΥ hǊŀƴƎŜ όάǎǳƴέύ
Deep/posterior ς.ƭŀŎƪ όάǎƘŀŘƻǿέύ 
LateralςRed
Medial ςYellow





Basic steps in tissue processing

Å Fixation
Å Tissue processing

ï Dehydration
ï Clearing
ï Paraffin impregnation

Å Embedding
Å Sectioning 

ï Trimming the block
ï Thin sections
ï Waterbath 
ï Mounting section on glass slide

Å Staining
ï Paraffin removal
ï Rehydration
ï Hematoxylin
ï Ψ.ƭǳƛƴƎΩ όƳƻǊŘŀƴǘύ
ï Eosin
ï Dehydration
ï Mounting
ï Coverslipping

1
6-

2
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Fixation-Principle

ÅThe purpose of fixation is to preserve tissues permanently 
in as life-like a state as possible.

ÅFixation should be carried out as soon as possible after 
removal of the tissues to prevent autolysis

ÅThere is no perfect fixative
ï formaldehyde comes the closest. 

ÅA variety of fixatives are available for use
ïdepending on the type of tissue and features to be demonstrated 

histologically, different chemicals are used.
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Providing an accurate diagnosis, receptor status, 
ƳƻƭŜŎǳƭŀǊ ǇǊƻŦƛƭŜ ŀƴŘ ǊŜǎŜŀǊŎƘ ΧΦƛǘ ōƻƛƭǎ Řƻǿƴ ǘƻ ΧΦΦ

ÅFIXATION

ÅFIXATION

ÅFIXATION 

ÅFIXATION

ÅFIXATION

ÅFIXATION

ÅFIXATION

ÅFIXATIONQ
A
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Fixation - types of fixatives

ÅFive major groups of fixatives 

ïClassified according to mechanism of action 
ÅAldehydes 

ÅMercurials 

ÅAlcohols 

ÅOxidizing agents 

ÅPicrates 



Fixation - factors affecting fixation

ωBuffering 
ωPenetration 
ωVolume 
ωTemperature 
ωConcentration 
ωTime interval 





10:1 volume proportion for formalin fixation



Reduce cold ischemia time
ÅThe faster you can get the tissue and fix it, the better. 

ÅArtifact will be introduced by drying if tissue is left out
ïkeep it moist with saline. 

ÅThe longer you wait, the more cellular organelles will be 
lost and the more nuclear shrinkage and artifactual 
clumping will occur. 

ÅArtifactual low mitotic count

ÅFalse negative IHC, molecular results



Tissue Processing

ÅAfter fixation,  the tissue must be processed into a solid form 
which can be used to make thin sections for microscopic 
evaluation. 

ÅTissues embedded in paraffin, which is analogous in density to 
tissues, can be sectioned at 3 to 10 µ, usually 4-6 µ routinely. 

ÅThe technique of getting fixed tissue into paraffin is called 
tissue processing. 

ÅThe main steps in this process are dehydration and clearing.





Large specimens

48-72 hours







Sectioning artifacts- may affect ancillary studies

Å Tearing, ripping, "venetian blinds", holes, folding, contaminant 
etc. 



EFFECTS ON H & E- HISTOLOGY
Preanalytical





Endometrial curettings ïadequate tissue



Autolysis Preserved EC



Autolysis Preserved Bx



Bacterial overgrowth due to poor fixation - autolysis



Zonal fixation artifact on histology



Well preserved morphology



EFFECTS ON IMMUNOHISTOCHEMISTRY

Preanalytical for ancillary study = Pre-analytical + analytical of FFPE

Å IHC= immunology + chemistry + histology
Å Good FFPEprocessing -great results
Å Bad FFPEprocessing ςbad results



Current problems/issues in ER, PR, Her2 by 
ƛƳƳǳƴƻƘƛǎǘƻŎƘŜƳƛǎǘǊȅΧ ƻǊ ŀƴȅ LI/ 

Major factors dramatically affecting the ER/PR IHC
ïtissue fixation, processing (pre-analytical)

ïAntigen retrieval, choice of antibody (analytical)

ïdetermination of thresholds for reporting positive results



Tissue Fixation (pre-analytical)

Å at least 6ς8 h of formalin 
fixation time for breast 
biopsies is required to obtain 
reliable

ÅUnder-fixation- risk false-
negative ER/PR/Her2

Minimum formalin fixation time for consistent immunohistochemical staining .Goldstein et al Am J Clin Pathol 2003;120:86-92 
Fixation, 3 h; antigen retrieval, 40 min.Fixation, 6 h; antigen retrieval, 40 min. Fixation, 8 h; antigen retrieval, 40 min.



ASCO/CAP guidelines for ER/PR/Her2 testing

Fixation
Å10% NBFfor 6 to 72 hours
ÅCold ischemia time, fixative type, and time the sample was 

placed in NBFmust be recorded
ïwhen tissues are under-fixed
Årisk false-negative ER studies,
Åe.g. in a specimen that comes in at the end of the day and is put 

immediately into tissue processor.

ÅSpecimen type: Biopsy vs excision specimen**

*Breast Cancer Hormone Receptor Guideline, IHCτHammond et al, Arch Pathol Lab MedτVol 134, July 2010
**The reliability of assessment of oestrogen receptor expression on needle core biopsy specimens of invasive carcinomas of 
the breast.Hodi et al, J Clin Pathol 2007;60:299ς302



Accurate receptor status

H & E ER



Her2IHC


