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POINT OF CARE TESTING

 The aspect of laboratory medicine known

as point-of-care testing (POCT) has
become a significant part of the testing
that is performed on patients

e The term “POCT~ does not formally
show up in the literature until 1994.
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LABORATORY MEDICINE and POCT

One area In which these trends intersect is the
laboratory , whose role will be much more
automated, and much less centralized and less
abor intensive. Point-of-care testing , such as
nandheld blood and saliva analyzers, will be
pushed out to the bedside, the clinic and the
nome.

HealthCast 2010: Smaller World, Bigger Expectations
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POCT : COSA MIGNIFICA?

= Point-of-care testing (POCT) is a form of testing
in which the analysis is performed where
healthcare is provided close to or near the
patient.

" Various definitions have been provided in the
medical/scientific literature and alternative
descriptions include: near patient testing (NPT),
bed side testing, physicians office testing (POL),
off site testing, alternative site testing, etc.




POCT: RAGIONI di un SUCCESSO

POCT is the paradigm of the so-called
“laboratory on a chip” systems that utilize
miniaturization, micromachining,

microfluidics, nanotechnology and
wireless communication.







% of Hospitals

Percentage of Hospitals with POC Instruments by
Discipline

100% +
90% +
80% |
70% |
60% +
50% +
40% +
30% +
20% |
10%

0% -

. 2001
/31999

=@=Growth

1999-2001 Growth

! ! I O%

©1999, 2001 EAC, Enterprise Analysis Corp




MERCATO E CRESCITA

« The global POC diagnostic market reached
$13.4 billion in 2010, and is expected to further
grow to US$16.5 billion in 2016.

« Hospitals report that they are using significantly
more POC tests than in 2007, and 50% of

hospitals report they are using significantly more
POC test systems.

Abel G Exper Rev Mol Diag 2015



POCT: QUALE CRESCITA?

e Crescita annuale del 7.5% neqgli ospedali.

« Esami piu frequentemente esequiti In
POCT:

Glucosio, coagulazione, emogasanalisi

e HbAlc, ma negli ultimi anni I'incremento
piu significativo si riferisce al marcatori
cardiaci.

Malone B, AACC Clin Lab News 2015



POCT: VANTAGGI?

POCT offers considerable advantages over
central laboratory testing, such as:

o fast and simple specimen handling ,

e simpler sample requirement (no
additives and mostly blood from finger
stick; and urine)

e No transportation Is required, and POCT
delivers short turnaround time
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Intra-laboratory Vein-to-brain Therapeutic

TAT

Laboratory Director Physician
Satisfaction Satisfaction

Patient
Satisfaction

Years 1950-70 Years 1970-80, Years 2000
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POCT and OUTCOMES

Question : Does the faster TAT for POCT
lead to better outcomes ?

The answer, after 20 years of investigation,
IS an unequivocal “it depends”.

It depends on the analyte and the testing
device, on the reasons for testing , and on
the setting of the testing, among other
variables.

Rainey PM, Ulibarry M Am J Clin Pathol 2014



POCT and
CLINICAL OUTCOMES

The evidence

of quality and

the quality of
evidence
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POCT: UTILITA" CLINICA

e L’ utilita clinica del POCT & documentata se la
riduzione del TAT e del tempo necessario per la
decisione clinica si traduce in miglioramenti
significativi degli esiti di salute e della qualita
delle cure

* Pertanto, non puo sorprendere che il gruppo di
pazienti che trae maggiori vantaggi dal POCT
sono quelli nei quali i ritardi nell’ inizio della
terapia determinano effetti piu negativi sugli
esiti di salute
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The NEW ENGLAND JOURNAL of MEDICINE 2013;368(24):2319_24

SOUNDING BOARD

How Point-of-Care Testing Could Drive Innovation
in Global Health

esh V. Jani, M.D., Ph.D., and Trevor F. Peter, Ph.D., M.P.H

« The rise of POCT Is expected to expand
access to medical services, improve health
outcomes , and facilitate the sustainability of
disease-control programs.

« The supply of POC tests will directly induces
changes, such as Improved patient flow
within clinics.




POCT in Low-and
Middle- income Countries

e HIV testing/HIV viral load

e Malaria rapid tests

e NAT-based diagnosis for Tuberculosis
e Drug resistant testing

e Other blood-borm and respiratory
Infections

o CD4+T Cells



POCT and
RESOURCE-POOR COUNTRIES

* |n resource-poor countries, POCT may be the
only means of delivering advanced testing for
epidemiologically important diseases, such as
tuberculosis and HIV infection.

* Arecent study demonstrated that POC CD4 at
the time of HIV diagnosis could improve survival
and be cost effective compared with central
laboratory CD4 testing.

Hyle EP et al. PLoS Med 2014



POCT E BENEFICI CLINICI

e Vari studi hanno dimostrato | utilita del
POCT In una serie di aree diagnostiche
Incluse malaria, HIV, sifiide, gonorrea,
INR, D Dimero, fibronectina fetale.

e Questi studi hanno dimostrato Ia
potenziale utilita clinica del POCT che
dovrebbe peraltro essere confermata In
trials clinici e studi osservazionali.



A First generation of POC diagnostic testing
Typical samples Common test formats Detection targets

Antibodies

Antigens

Simple biochemical reactions

Manually read cartridge- ‘ ‘
,f,"A‘ based strips .
\ Examples

Rapid test strips and dipsticks (HIV
antibody and antigen, malaria antigen,
urine biochemistry, and pregnancy tests)

Simple instruments (glucometers and
hemoglobin meters)

Lateral-flow test

Vertical-flow test

Manually read

Capillary blood dipsticks

B Second generation of POC diagnostic testing

Test cartridges Small instruments process and read results

Sample (e.g., capillary blood, Detection targets

oral fluid, or urine) is inserted Whole cells

into disposable test cartridge DNA or RNA using PCR or other
nucleic acid detection method

§7 | FROMFIRST TO
ﬁg‘% SECOND and THIRD

Examples POCT GENERATIONS

CD4-cell count
HIVviral load
Tuberculosis diagnosis and potential
drug resistance
Samples Transmission of results
Capillary blood, oral fluid, Devices are likely to have wireless Potential detection targets
urine, breath, and other connectivity to transmit result data Nucleic acid sequencing

samples Advanced protein analysis (proteomics)

Multiple test formats
Handheld lab-on-a-chip devices
Disposable tests (no instruments)

Doctor's office desk-based devices
— Examples
ot il Antiviral and antibiotic drug-resistance
screening

Devices will fully automate
testing and analysis or
display of results

Differential diagnosis (e.g., viral rash and
fever, childhood diseases, antenatal tests)
Home-based self-testing
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POCT in CRITICAL CARE

Arterial Blood Gases
Electrolytes

Glucose

Lactate

Lipase
Hematocrit/Hemoglobin
Complete Blood Count
Platelet Count

TEG

PT/INR — PTT

D-dimer

cTnl/cTnT

BNP or NT-proBNP
hCG (blood or urine)
Dipstick urinalysis

CRP
Procalcitonin

Presepsin (soluble CD 14
subtype)

Rapid HIV

Rapid strep A

Rapid Infwenza A/B?
Rapid RSV

Ethanol

Drug of abuse (DOA),
salicylates,
acetaminophen



Frequency of common tests requested
In the emergency department

16_._._.,, R
14

Percent of tests
o
|
uasiad aAnenwNg

Point-of Care Testing. Price CP, St John A, Kricka LJ.
American Association for Clinical Chemistry, Inc.



Evolution of the blood gas analyzers:
...up to now

Classification:

 Hands on
* Portable

 Traditional (bench
top)
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POINT-0f-CARE TESTING

The core principle underlying POCT
measurement has been described as
“ reducing turnaround time without
compromising the quality of the
information ” on which clinical decisions
for patients are based.

Collinson PO, 2006



POCT and ANALYTICAL ISSUES:
NOT ALL LABORATORY TESTS ARE EQUAL

= The analytical quality specifications
of POCT should be the same of
centralized laboratory testing.

" For some parameters, this has been
achieved, while there are many
problems with other constituents



Quality of analysis of electrolytes and cholesterol
on central laboratory equipment compared

Performance Sodium Potassium Cholesterol
Measured SD CV% SD CV% SD CV%
Best central 0.6 0.4 0.02 0.5 0.025 0.6

Laboratories

50% of central 1.5 1.1 0.07 1.7 0.102 2.5
Laboratories

Best POCT
sites 0.3 0.2 0.00 0.1 0.076 1.8

50% of POCT
sites 1.0 0.7 0.06 1.6 0.183 4.4




PSEUDOHYPONATRAEMIA

 La determinazione della sodiemia si avvale
del principio degli elettrodi ione -selettivi
(ISE), ulteriormente suddivisi In diretti ed
Indirettl.

e | metodi Indiretti prevedono  una
prediluizione del campione In rapporto da
1:20 a 1:34 per ridurre la quantita di
campione e ampliare | ° intervallo di
determinazione.



PSEUDOHYPONATRAEMIA

* Nei metodi indirett, e essenziale
|” effetto di spiazzamento dell " acqua
da parte di proteine e lipidi che
normalmente contribuiscono al 7% del
volume plasmatico

e Per tali motivii 1 metodi sono
standardizzati per una prediluizione
della concentrazione della massa di
acqua pari a 0.93 Kg/L (93%).
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Rooney and Schilling Critical Care 2014, 18:692
http://ccforum.com/content/18/6/692
@ CRITICAL CARE

Point-of-care testing in the overcrowded
emergency department - can it make a
difference?

Kevin D Rooney' and UIf Martin Schilling”

Il POCT, se utilizzato in modo appropriato, puo
essere uno strumento utile a ridurre il tempo
di attesa prima delle terapie e migliorare la
qualita della cura




Rooney and Schilling Critical Care 2014, 18:692

http://ccforum.com/content/18/6/692
‘c: CRITICAL CARE

Point-of-care testing in the overcrowded
emergency department - can it make a
difference?

Kevin D Rooney' and UIf Martin Schilling®

La riduzione del TAT per i test di laboratorio e
utile:

a) Ritardi nell’ iniziare la terapia possono
compromettere gli esiti di salute

b) Questi ritardi rappresentano un fattore
determinante nel processo gestionale
clinico




Rooney and Schilling Critical Care 2014, 18:692

http://ccforum.com/content/18/6/692
‘c: CRITICAL CARE

Point-of-care testing in the overcrowded
emergency department - can it make a
difference?

Kevin D Rooney’ and UIf Martin Schilling®

Clinical pathways and ED logistics may need
substantial modification to maximize the
clinical and economic benefits of rapid TATs
provided by POCT.
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Current System

=

\
Walking | [ Triage } [Dr Review [nvesﬁgauons} {Dr RevieW} [Treatment
J
\
Nu
ment

Jarvis P, 2016



Chemiluminescent Washing buffer  Detection antibody chamber
substrate chamber

Spiral reaction chamber pre-  Waste
coated with capture antibody  chamber

EDIT System

Air gap chamber

- c I o)
< Consultant
Y /'/

\ 4
~ y
-

Ambulance

EDIT ED Dr Treatment| | Disposal
Walking

Jarvis P, 2016



Total ED Journey Time

Effect of EDIT Upon Time to Discharge

Median (hh:mm:ss) 02:23:00 01:21:00 p<0.0001
95t Centile 03:59:00 01:34:00
100t Centile 08:19:00 09:02:00

Jarvis P, 2016



Time
hh:mm

0224 -

oSS -

01:26 -

0057 +

00:28 +

40%
Overall
Reduction

1

68%
Overall ® Old System
Reduction ® Old System + iStat

m iStat & Edit

60%
Overall
Reduction

|

Time to Initial Assessment Time to ED Dr Time to EDReady

1

Effect of the 3 Different Working Models on the Median ED Times

Jarvis P, 2016
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POCT E BENEFICI CLINICI

Per massimizzare 1 benefici clinici ed
economici del POCT, e la riduzione del TAT, e
necessario modificare in modo sostanziale |
percorsi diagnostici e la logistica dei reparti
(specie Dipartimenti di Emergenza).

. ‘ il percorso di cura




POCT: NEED CHANGES
IN HEALTH SYSTEMS

Innovation will be needed In the design,
operation , and workflow of clinics to ensure
that testing Is accessible and results are used
In real time to guide treatment. POCT may
lengthen clinic visits and place extra demands
on staffing and space. Bottlenecks at any
stage can increase waiting times and result in
extra visits by patients, and the benefits of
onsite testing may be lost.
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Qual e il rapporto fra POCT, qualita,
e sicurezza per il paziente ?
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Pre-pre-analytical errors

Laboratory Medicine Errors

Sample
Insufficient cond|t|on
sample
Incorrect
sample 46 68%
Handling
problem

Reporting
or analysis

Incorrect

19-47% Data entry

Inadequate
Turn around

sJ0.19 [eanApeue-1sod-1sod

Plebani CCLM 2006



Does POCT eliminate
some problematic steps?

e In teoria, il POCT elimina alcune delle fasi piu
problematiche del processo, compresa la
raccolta del campione (?), trasporto (oh yes!), e
consegna dei referti (yes, ma questo non
significa piu rapido e miglior recepimento).

e Tuttavia, Il POCT crea altre problematiche per
la gestione del rischio clinico , ed In particolare
|” esecuzione di analisi affidata e personale
senza specifica formazione In medicina di

laboratorio.
Dighe AS et al. 2007
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Ettects of POCT on potential errors
in the Total Testing Process: Pre-Analytical Phase

Condizioni latenti Potenziale riduzione
di errore con POCT

e Eccessiva richiesta No
e Tempistica scorretta No
 |dentificazione paziente No
 |dentificazione campioni Si/No
« Raccolta campioni No

Qualita campioni No




EXCESSIVE ORDERING:
NOT ONLY CARDIAC MARKERS

Test panels:

Basic Metabolic Panel
Basic Metabolic Panel Plus,
BioChemistry Panel Plus,

Comprehensive Metabolic
Panel,

General Chemistry 13 Panel. \'\@m
R




PATIENT IDENTIFICATION

A point-of-care test operator Iin a busy
emergency department Is just liable as a
phlebotomist to confuse Mr. J. Smith, aged 59,
with shortness of breath and a new cough, with
Mr. J. Smith, aged 70, with acute urinary
retention and new onset confusion, when the
operator is asked to “get a set of lytes on Mr.
Smith” and does not attempt to verify two forms
of patient identification.

Jones BA, Meyer FA. Clin Lab Med 2004



Eftects of POCT on potential errors
in the Total Testing Process: Intra-Analytical Phase

Latent condition Potential reduction

for error with POCT

* Method calibration Not I

* Patient-relative “native interferences” Not T

 Specimen-related “non target interferences” Not ¥

e Specimen-reagent combination-related Not t
“matrix effects”

e Result generation (results outside validated Not I
ranges)

e Result validation (QC) Yes/Not

e Quality Assessment (EQA, PT) Not
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Effects of POCT on potential errors
in the Total Testing Process: Post-Analytical Phase

Latent condition Potential reduction
for error with POCT
 Report formatting Not
— (inappropriated/missed units, reference intervals)

* Routing Yes

e Excessive turnaround time Yes

* Misinterpretation Not

e Critical value reporting Not

e Critical value documentation Not

e Other result reporting Not

* Report management Not

— (report verification/preservation, storage and retrival)
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» Maggiori costi (per test)
» Scarsa competenza
del personale
* Problematiche di controllo

. . della qualita
Riduzione del TAT . Regolamentazione

~_ 4 /"

o Esiti clinici

» Costo complessivo della gestione del paziente
e Qualita delle cure

» Efficienza/efficacia del sistema
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THE STARTING POINT

Patients with acute coronary syndromes
including acute myocardial infarction or other
high-risk conditions should be effectively
identified by the emergency physician in a
timely manner to initiate specific clinical

actions. ﬁ A




THE STARTING POINT

Patients with chest pain who do not have
acute coronary syndromes (most patients
admitted with chest pain) or alternative high-
risk conditions should be discharged safely

and prompty. | |
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ACCELERATED RULE-OUT: BENEFITS

Medical implications of accelerated rule-out:
"= More rapid relief of patient anxiety

= More rapid indentification of alternative
causes of chest pain

" More rapid discontinuation of rhythm
monitoring



ACCELERATED RULE-IN: BENEFITS

Accelerated rule -in implications:

« More rapid Initiation  of antiplatelet,
anticoagulant and anti-ischemic medication

e More rapid transfer to  coronary
angiography
e Coronary revascularization , If feasible
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© Can Stock Photo - csp11866804

What is the evidence that the shorter the
trunaround time of laboratory testing, the

better the outcomes?

Our Mantra:




TIME IS MUSCLE and
TIME WASTED IS MUSCLE LOST

The NACB ( 2006) noted that patients with STEMI
should receive treatment within 60 minutes of
admission without the use of cardiac biomarkers but
recommended an accelerated protocol involving the
use of these markers with a TAT of less than 1 hour.

The 2001 guideline for management of non-ST-
elevation acute coronary syndromes noted that a
rapid (2-hours) rule-out protocol using POC
biomarker testing, ECG, and risk scoring was found

to be safe.
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TIME IS MUSCLE and
TIME WASTED IS MUSCLE LOST

TAT expectations of the ED physicians exceeded
those of the laboratory personnel.

Most (75%) of ED physicians believed that TAT
should be 45 minutes or less;

Most (82%) laboratorians indicated reasonable a
TAT of 60 min.

No sound evidence is available regarding TAT.

Novis DA et al. Arch Pathol Lab Med 2004
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NOTALWAYS FASTER IS BETTER !

Early and late outcome prediction of death in the
emergency room setting by point-of-care and
laboratory assays of cardiac troponin |

Per Venge, MD, PhD,” Claes Ohberg, MD,™ Mats Flodin, BSc,” and Bertil Lindahl, MD, PhD *¢ Uppsala, Sweden

Am Heart J, 2010



POCT tor CARDIAC TROPONIN ADSAY

e At the diagnostic cut-off, the laboratory assays
identified 81% or 88% of all patients who died of
cardiovascular disease during 35 months of follow-
up, compared with 50% or 54% for the POCT assays.

e Authors’ conclusions: “if a clinical suspicion of
myocardial injury remains despite negative cTnl
results with POCT, such results should be
complemented by results from sensitive laboratory
assays’



THE TAKE-HOME MESAGE

Several recent studies demonstrated the
impact of highly sensitive troponin assays for
the prediction of outcome in cardiovascular
death.

The shortcomings of less sensitive POC assays
of cTnl in this regard have been documented
particularly in the ED setting.
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POCT AS A VIABLE OPTION

POCT is a viable option when clinical laboratories:

a) Cannot deliver results in the time consensually
defined with clinicians (usually within 60 minutes);

b) Close at nights and/or week-ends;

c) Are poorly connected with wards for both sample
transportation and result communication;

d) The cost/benefit analysis confirms the value of the
option.
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TROPONIN ANSAY: SERIAL MEASUREMENTS

 According to the current definition of myocardial
infarction, a raise or fall of cTn is necessary for
diagnosing ACS.

e The so-called “delta” approach, based on the
difference in cTn concentrations obtained in

consecutive serial samples, require two firms
criteria are satisfied:

A) the same molecule should be tested
B) equivalent analytical characteristics



POCT: A "PERSONALIZED" APPROACH

..... Successful introduction of POC testing
for troponin requires not Just a
comprehensive training and maintenance
programme but also an effective Initiative
to change the clinical culture surrounding

)

ItS use. 6

9T W

2N ‘
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Loten C et al. Emerg Med J 2010



POCT and QUALITY

Achieving quality In
POCT Is Incredibly
Important because
medical decisions are
often made immediately
after the test IS

Emergency

performed, eliminating
any possibility to verify
and correct a result.



POCT for ¢Tn; WHY and HOW

POC methods should be considered if TATs cannot be achieved at an
institution per clinical needs;

POC methods can provide troponin results more rapidly, potentially
accelerating triage and AMI diagnosis;

POC assays may be less sensitive compared to automated central
laboratory assays;

TAT should be measured starting from the patient admission until the
result is received;

According to current guidelines, cTn should be measured at the
baseline and after 1 or 3 hours (if high sensitivity assays are used).

cTn results from different assay methods are not interchangeable and
a single method should be used for tracking results



High-sensitive
POCT assays with

Semiquantitate POCT assays in

analytical POCT assays the ED for
performances, requiring baseline
cut-off and clinical confirmation and measurement and
outcomes quantitation by further monitoring
equivalent to conventional with conventional
conventional laboratory assays laboratory assays

laboratory assays



POCT, EVIDENCE and FACTS

Benche siano ancora assenti prove di
efficacia, il POCT sara sempre piu utilizzato
per permettere |’ accesso a servizi clinici,
ridurre i disagi ai pazienti, migliorare i
percorsi di diagnosi e cura, e soprattutto a
facilitare le cure a domicilio.



SOURCES and AMPLIFIERS of
POCT ERROR

Sources

®  (Operator incompetence

= Nonadherence to procedures

= Use of uncontrolled reagent/equipment
Amplifiers

" |ncoherent regulation

= Rapid result availability

" |Immediate therapeutic implications

Meier FA, Jones BA, 2005



POCT: CULTURA DELLA SICUREZZA

= Assicurare specifiche di qualita basate
sulle prove

= Migliorare la competenza degli
utilizzatori , il controllo di qualita e la
documentazione del risultati

= Monitorare | identificazione del paziente ,
la qualita dei campioni biologici e dei referti



DECALOGO DELLA QUALITA'
in MEDICINA di LABORATORIO

1) Richiesta appropriata

2) Tempistica appropriata

3) Corretta identificazione del paziente

4) Corretta raccolta e manipolazione del campione
5) Corretta procedura analitica

6) Corretto controllo di qualita

7) Corretta validazione e generazione del risultato
8) Corretta refertazione e documentazione

O) Appropriata interpretazione del risultato

10) Appropriata e tempestiva utilizzazione del risultato
dell’ informazione di laboratorio



FESTINA LENTE

Gia dalla mia giovinezza ho scelto
come mio motto l'antica massima
latina  Festina lente, “affrettati
lentamente”.

Italo Calvino. Lezioni americane
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Maggiori costi (per test)
Scarsa competenza

del personale
Problematiche di controllo
della qualita

Riduzione del TAT Regolamentazione

Esiti clinici
Costo complessivo della gestione del paziente
Qualita delle cure

Efficienza del sistema



mario.plebani@unipd.it
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