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The CASE

Uncle Pete, 67 years old
 Marked abdominal pain

e 8pm, ED \‘f{

e Acute abdomen?

Assessment (+ physical exam)
 Sampling for the lab FOR THAT: sending a request
e Radiological tests (US, X-ray)



Requesting a test

e Requesting: via medical informatic system (at
the university)

* Sheet for tests (e.g. emergency tests, routine,
hemostasis, hormone etc.)

* The software tells the number and type of
tubes to be used



Lab tests for Uncle Pete

Blood sampling
CBC
PTT, aPTT, TT (hemostasis)

Chemistry (amilase, ALP, bilirubin, GOT, LDH,
GPT)

troponin
Urinary specimen
Amilase




Sampling was successful

You remember (don’t you?): Patient’s identification

Should be labelled in Uncle Pete’s presence
(For unconscious patients: RFID, arm band)
Sample just one patient in a given time-point
|ID data: name, birth data, ID number
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Appropriate position of label







SAMPLE- should be sent to the lab

Personal transport or vacuum tubes

KORHAZI CSOPOSTA
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https://www.youtube.com/watch?v=sCebqG8NEXk

https://www.youtube.com/watch?v=7itX-PhVOKM

https://www.youtube.com/watch?v=BE7J5n3saec



Let’s STOP for a moment

As a doctor, what do you want from the LAB?

1. To provide reliable results

2. To provide results in a timely manner
= short TAT (lab turn around time)



TAT (turn-around-time)
time between patient’ arrival and action

l Therapeutic TAT

I~ Laboratory TAT -
Prc-;mlalylic;ll Anallytical Post analytical

Ordering, Collection, Identification Transportatipn, Separation, Analysis, Reporting, Interpretation, Action.

Laboratory TAT: generation of lab test result for clinical decision
making

Emergency: < 1 hour
Routine: <24 [in general 4] hours
Special tests: 1 —2 weeks, max. 1 month



TAT <1 hour (even more quickly)

Lab tests of vital importance

These include: toxicity, electrolyte levels,
metabolic disturbances, tissue necrosis

Restricted lists (depends on institution)

Require specific handling and approach



Routine: TAT <24 [in general 4] hours

Clinical chemistry tests (majority)
Some hormones
CBC

Part of routine lab workflow, every day practice



Special tests: TAT 1 — 2 weeks
max. 1 month

» Rare / expensive / specific expertise

e Results have no immediate effect on clinical
decision making

e Performed in centers



MAJOR PHASES of TAT in the LAB

i Therapeutic|TAT

- Laboratory TAT -1

Pre-analytical Analytical

Ordering, Collection, Identification Tmnsportaticr, Separation, Analysis, Reporting, In

Post analytical

terpretation, Action.

1.Separaration // identification
2.Analyzis
3. Reporting

—




MAJOR PHASES of TAT in the LAB

1.Separaration // identification = 20 min

The only phase that you can as a doctor influence
(N.B. green capped tube may shorten TAT
|dentification error increases TAT)

2. Analysis =3 min —several hours

3. Reporting = automated — several days



Sample — arrived to the lab

1. Registration of sample
[it is arrived]

2. Processing [centrifuge]
Note: serum vs. plasma

3. Distribution (generation
of worklists)




SAMPLE - distribution
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SAMPLE — measurements

* Individual analyzers

* Total laboratory
automated systems

https://www.youtube.com/watch?v=n_PCFIkLjVM



SAMPLE - testing

Organization of work within the lab

1. Administrator: encounters samples (registration)

2. Assistants: operation, maintenance of machines

3. Graduated: supervision of workflow, validation of results
(comparison with clinical data, preceding results, other test

results) (generation of lab findings)



SAMPLE - testing
Just some remarks

Tests are done on different analyzers with different reagents.

Characteristics of analyzers

What is it used for

Test number done per hour

Requirement for reagent and consumables
Time required to complete a test (TAT value)
Sample requirement (min amount of blood)
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SAMPLE — measurements

Some remarks:
1. Very few amount of sample is sufficient (1 — 150 uls)
2. The majority of blood taken is waste and discarded

3. There is an option to repeat measurements



VOLUME

Volume of blood sample taken in a tube is 5 -8 ml|
This is due to easy handling (bar codes)

However, blood amount may be limited (blood
volume: 80 ml/kgbw)

Therefore, there are options to decrease sample
requirement

This is of particular importance for the neonates



SAMPLE - testing
Just some remarks

Tests are done on different analyzers with different reagents.

Characteristics of reagents

What is it good for (what analyte on what machine)

Expiry date (particularly tests applying enzymes and proteins)
Number of tests included (collection of specimens...)

Lot number

Measurement range (lower and upper level of detection, LOD)
Cross-reaction, interference (eg. HAMA, coloric substance etc.)
Sensitivity to the analyte
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SAMPLE - testing

Tests are done on different analyzers with different reagents.

Analyzers + reagent = together a system
(IVD qualified systems)

1. Imprecision [Repeatability and Reproducibility ](CV%) —
difference between results repeatedly measured within and
between run

2. Trueness — approximation of real (target value)

3. Accuracy - depends on the first 2 factors



Cause of imprecision = random error

Instrument condition
Temperature
Pipetting

Carry-over

Personal factors

Random error is
high

—Rrepeatability: standard deviations of repeated test
results done under the same conditions (within-run or
intra-run assays)

— Reproducibility): standard deviations of repeated test
results done under different conditions (between-run or
inter-run assays)



Systemic error (bias)
Basic setting of the device
Calibration errors




An example for biased (but accurate) results: uncle
Pete’s case [continued]

The doctor requested glucose levels and electorlytes the next day
., morning.

. Serum glucose: 1.8 mmol/L
Lactate: 6.9 mmol/L
LDH: 1500 U/L

7777

Lab 1s documentedly proficient in these tests: 5 different labs measured

the same
» Na* 143 145 145 141 143  mmol/L
- K* 74 76 77 7575 mmol/L
+ Glukéz 1.8 20 20 1,7 1,8 mmol/L
+ Laktdt 69 73 68 71 70 mmol/L
+ Amildz 100 97 95 108 90  U/L
+ LDH 1500 1650 1700 1490 1600 U/L

Reproducibility is about 5 per cent




Possible explanation:

* Unprocessed sample was present for 8-10 hours 1n tube;
glucose utilization was continuous while lactate increased
* Cell membrane damage; micro-hemolysis leading to an
increase 1n potassium and LDH
* Estimated decrease:
* Glucose (half/ one third)
* Estimated increase:
* Potassium by 100%
* LDH by 2-300%
* Conclusion:
* While lab provided precise results [imprecision was low],
they were biased and trueness was low; accuracy was
also low



How can I monitor the functioning of the system?

Answer: quality control

(not cheap: may be up to 10-30% of costs — depending on
lab load)

Quality control / QC

Internal QC: daily / regular measurement of control
samples of known composition and concentration.
[Control charts]

External QC: independent organization provides
samples of unknown analyte levels 4 -6 times per year;
central evaluation 1s based on difference from target
values



Levey-Jenning charts: presentation of internal control values
by time

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44
Day

NOTE:
There is NO diagnostic test without control measurements
(including POCT assays)



Systemic and random errors can be detected

Measured value

Random
error

Constant
error

Proportional error

Reference value




Westgard rules

* Principles that are used to decide based on control
results whether daily measurements can be done

e E.g. deviation from target values based on 2SD limits;
presence of systemic error

* Appropriate interventions (e.g. change of reagent,
new calibration etc.)



Examples for Westgard rules

Westgard Sigma Rules ™

2 Levels of Controls

Report Results €
F

A

A

60 I 50 | 40 | 30
Sigma Scale= (%TEa-%Bias)/%CV



What should / can be done in case of
significant error

e Should not measure

e System’s status should be tested (e.g. reagents,
consumables, clarity, electrode, cuvette etc.)

* |n case of necessity: calibration

Calibration:

e One should teach the device what results should be
associated to a given measured signal



Calibration

e Use of reference materials

 Number of plots (calibration curves)
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Reference materials: a particular science for some
crucial analytes & parameters (HbAlc, PTT)

The reference basis is of outmost importance

— if it is inappropriate, the functioning of the whole
system is unreliable.

Reference materials should be traceable

Qualified reference materials

Qualifications of different level



Reference materials: a particular science for some
crucial analytes & parameters (HbAlc, PTT)

The reference basis is of outmost importance

— if it is inappropriate, the functioning of the whole
system is unreliable.

Reference materials should be traceable

Qualified reference materials

Qualifications of different level



Reference materials: a particular science for some

crucial analytes & parameters (HbAlc, PTT)

Traceability

Definition of the measurand

Sl-Unit

¥

Certification of a reference material (purity)

—

Primary calibrator

/

'-\

u(y)
Uncertainty

Primary reference
measurement procedure

Secondary calibrator

Secondary reference
‘_______...-—-" measurement procedure
Manufacturer's
working \\‘
(master) calibrator

4--‘""—-’—-.‘

Mf."s product
calibrator

Manufacturer's standing
measurement procedure

—_

End-user’s routine
measurement procedure

4

Routine sample

4

Result

BIPM, CGPM

NMI

NMI, ARML

NMI, ARML

ARML, ML

ML, ARML

ML

ML

ML

Manufacturer
andfor end-user

End-user

End-user

ISO 17511

(modified)

BIPM:

International Bureau of
Weights and Measures

CGPM:
General Conference
on Weights and Measures

NMI:
National Metrology Institute

ARML:
Accredited Reference
Measurement Laboratory

ML:
Manufacturer's Laboratory




Reference materials: a particular science for some
crucial analytes & parameters (HbAlc, PTT)




Characteristic analytes where
comparability depends on reagents

* Immunoassays (antibody — antigen reaction)
E.g. tumor markers, hormones, autoantibodies

AS A DOCTOR you should be aware of any switch
between laboratory tests.

Switch may cause fluctuations in patients’
results challenging monitoring.



External QC programs

Independent organization
Distributes samples regularly to labs

Based on results’ relationship to targeted
values (within 2SD): indication whether lab’s
work is acceptable

Theoretically: if a lab fails, it should not
perform the implicated test

AS A DOCTOR YOU CAN STICK TO ASK
RESULTS
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Just some thoughts

e Research vs. Diagnostics:
these activities should not be mixed

e Difference:
— QC
— Quality assurance
— Organization of workflow
— Possible conclusions
— Clinical value
— Reimbursement
e Similarity:
— Technique
— Staff



If the system works...

e and the control is OK...
 Work sheets are generated (information system)
* Work sheet: samples (patients) + requests

— Batch mode: one kind of testing from all the samples

— Single sample measurement: all the requested tests
from one sample are initiated; then it forwards

— STAT mode: emergency requests are done at first



And finally the test is performed and a
result is generated

* Technician inspects, then allows its passing to
the laboratory information system

e Graduated staff (doctor, biochemist) checks
and relates to other results (delta check:
comparison to prior result). If OK, validates

e Validated result = FINDING
JUST VALIDATED RESULTS CAN BE USED FOR
CLINICAL DECISION MAKING.



Some facts about validation

Diagnostic values requiring clinical decision: depends on ANALYTICAL and
BIOLOGICAL variability

u=1.96*V (CV,2+CV/?)

Autovalidation: an informatical tool to support lab staff that decides
automatically whether the result can be passed without intervention
into the medical informatical system (may involve about 50-80% of
findings)

Support the critical overview of remaining results.



What a lab doctor looks at on a list of results
during validation

Extreme deviation from the normal

Extreme difference from the prior result (delta
check)

Linkage to other parameters
Association with clinical parameters

Trends in analyte levels (may skew during the
day)



Some examples for linked parameters

LDH + haptoglobin

Troponin T + CK

GOT, GPT, GGT

High bilirubin and GOT, GPT
Albumin + ionized calcium
Osmolality + Na, glucose and BUN
BUN + creatinine

o.-amilase (lipase) + bilirubin
albumin < Total protein * 0.7
Conjugated Bilirubin < Total Bilirubin
Total Cholesterol > HDL + LDL



Uncle Pete’s findings

Lab findings asked as emergency

Available after 43 min of TAT

 ALP: 1100 U/L

* Bilirubin: 80 micromol/L

* Direct bilirubin: 54 micromol/L

 LDH: 340 U/L

* Notincreased: amilase, troponin, GOT, GPT
« WBC:10.4 G/L

* Urine: Ubg negative, bilirubin positive

Next time you can learn how to use these results



Just to remember from this lecture

* Analytical phase: it is the competency of
laboratory

 Complex processes (factory)

e Quality control and assurance are of outmost
iImportance

* Clinical decision making can be done solely on
the basis of validated result (finding)



