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Preanalytical variability: the dark side of the moon in

laboratory testing
Giuseppe Lippi
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Preanalytical variability: the dark side of the moon in
laboratory testing
Giuseppe Lippi

Biological variability
Environmental variables
Patient’s identification
Patient’s preparation
Sample collection device
Sample collection procedure
Container

Sample handling

Sample separation

Sample storage

Preanalytical variables and laboratory testing.
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Chn Lab Med 28 {2008) 285-294
Quality Improvement in Laboratory
Medicine: Extra-Analytical Issues

Giuseppe Lippi. MD®*, Roberto Fostini. MDP®,
Gian Cesare Guidi, MD®

Appropriateness

= Formulation of a clinical question
= Selection of appropriate anatyses
= Avoid redundancy

Postanalytical variability
= Standardize reference ranges
= Results reporting

* Rezults communication

« Clinical audit Physician's
brain

Preanalyical variability

= Patient and sample idenitification
= Collection procedure
= Sample handling and transportation

Development of laboratory errors throughout the total testing process.
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Opinion Paper

Giuseppe Lippi*, Kathleen Becan-McBride, Darina Behalova, Raffick A. Bowen, Stephen

Church, Joris Delanghe, Kiell Grankvist, Steve Kitchen, Mads Nybo, Matthias Nauck, Nora
Nikolac, Viadimir Palicka, Mario Plebani, Sverre Sandberg and Ana-Maria Simundic

Preanalytical quality improvement: in quality
we trust
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Figure 1 Six sigma metrics of laboratory errors.
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Frequency of errors (%) in the main phases of the total testing process.

Year

Author(s)

Pre

Intra analytic

Post

=1991

*1997
=2003
«2007

Ross et al.
Plebani et al.
Astion et al.
Carraro et al.

45.5
68.2
7.0
61.9

73
13.3
18.0
15.0

472
18.5
1.0
231

26
19
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The clinical perspective... oo A

Errors in a Stat Laboratory: Types and

Frequencies 10 Years Later

PaoLo CArRARO AND Mario PLEBANI

Table 4. Laboratory errors and patients’ outcomes.

Total errors

No effect

Inappropriate intensive care unit admission
Inappropriate transfusion

Further inappropriate investigation
Laboratory tests repetition

No.

160
121
1

2

9
27

%

75.6
0.6
1.3
5.6

16.9
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The economic perspective... © 2013 John Wiky & Sons Ltd, Int. Jnl. Lab. Hem.

Prevalence and cost of hemolyzed samples in a
large urban emergency department

G. Lippi*, P. Bonelli*, G. Cervellin

uonodjjoosal ajdwesg

Figure 1. Estimated cost of diagnostic samples collection in a large urban emergency department. [].non hemolyzed
samples (material); f.non hemolyzed samples (personnel); W.recollection of hemolyzed samples (material); g,
recollection of hemolyzed samples (personnel).




The organizational perspective...

Mildly hemolyzed
(0.3 to 0.6 g/L)

« Potassium
« Amino transferases
« Lactate dehydrogenase

Moderately hemolyzed
(0.6 t0 2.0 g/L)

« Cardiac biomarkers

+ Beta-human chorionic gonadotropin

« Glucose

« Creatine kinase

+ Prothrombin time

« Activated partial thromboplastin time
+ D-dimer

Grossly hemolyzed
(>2.0g/L)

« Virtually all tests

- o .-
s i =

Critical Reviews in Clinical Laboratory Sciences, 2011; 48(3): 143-153
Hemolyzed specimens: a major challenge for emergency
departments and clinical laboratories

Giuseppe Lippi', Mario Plebani®, Salvatore Di Somma’, and Gianfranco Cervellin®
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Preanalytical quality improvement: from dream to reality

Ciuseppe Lippi'®, Jeffrey J. Chance’, Siephea
Chureh?’, Panla Duxi', Rossina Fontana!, Davide
Cimvaring®, Kjell Crankvist®, Wim Hugman®, Time
Kouri”, Viadimir Palicka®, Mario Plehani®, Vincenzm
Pura'”, Gian Luca 8 M, Sverre Sandberg™,
Ken Sikaris™, lan Watson'®, Ana K. Stankovic' and
Amna-Maria Simundic'

Major sources of pre-analytical variability

1. Patient preparation
* Biological variability
* Enwvironmental conditions (e.g., climate, pollution)
* Postural changes
2. Sample collection
* PFatient identification and sample labeling
* Type of disposal for collecting blood (2.q., straight needle, butterfly, cannula)
* Calhber (gauge) of the needle
* Tourmiquet time
« Conlainer (a.g., primary tube)
* Order of draw
* Phlehatomy procedurs
* Contamination fram ...
* Tube/s mixing
3. Sample transportation
* Length and environmeantal conditions
* Pneumatic tube systems
4. Sample preparation for analysis
» Langth, spead and temparature of cantrifugation
» Preparing aliquats
5. Sample storage
* Langth
» Temperalure
« Freezing & thawing
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Risk management in the preanalytical phase of laboratory

testing
Giuseppe Lippi* and Gian Cesare Guidi

Table 1 Absclute and relative prevalence of preanalytical preblems according to the literature.

Problem Bonini et al. (9) Dale et al. {17} Romero et al. (18) Plebani et al. {19} Lippi et al. {21)
Absolute prevalence, % 0.35 MNA MA 0.2 0.75
Inpatients 0.60 MNA 2.3 2.8 0.82
Qutpatients 0.04 0.3 M 0.06 0.37
Relative prevalence, %
1° Hemolysis (total) 54 MNA MNA 39 69
Inpatients 55 MNA 50 40 68
Outpatients az 18 MA 30 75
4° Clotting (total) 5 MNA A 9 12
Inpatients 5 MNA 15 7 13
Outpatients 10 13 MA 17 11
2° Insufficient volume (total) 21 NA MA 15 9
Inpatients 21 MNA A 16 10
Outpatients 13 16 MA 8 1
3° Inappropriate container (total} 13 MNA MA 10 5
Inpatients 12 MNA 11 9 5
Outpatients as MNA MA 16 8
5° Misidentification (total) 2 NA NA 1 2
Inpatients 2 MNA MA 1 2
Outpatients 0.2 1 MA 0.1 B

MA, not available.
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Causes, consequences, detection, and prevention of
identification errors in laboratory diagnostics

Giuseppe Lippi'™", Merbart Blancksart™,
Pisrangalo Bonini® %, Sal Grean®,

Steve Kitchen®™, Viadimir Palicka™,
Anna J. Vaszault™®. Camilla Mattiuzzi®
ared Mario Plaboni®!!

' Cirical Chemistty Labaratory, Unbesrsity of
Varona, Varon, Italy

*EFSC - Européan Prasnaytical Scientific
Commitias fww specimencire zam)
*Internationsl Fadaration of Cliniesl Chamistry
Wicrking Group on Patient's Safety

*Labaratery Madicing, Univarsky Hespital Lewvan,
L an, Baigium
* cirical Biochemistry, School of Medicing

Unhvsrsity Vits-Saluts San Aaftasks, Milans, lbay
*BD Diagnostics - Fraanalytionl Sy shoms, Naw
Jarsay, UBA

T SheMisid Hemephila and Thiom bosis Cantar,
Aoyl Hallamshire Hospital, Shafledd, UK

"Instkuta of Clinkcal Biochemistry and Disgnastics,
Charks University. Medical Faculty and University
Heapital, Hrades Kralove, Crach Republic

¥ Labarateire de Biochimie B, HEpital MNecker Enfarnts
Malacks, APHP, Parls, France

™ Dirarione Medics, ATknda Ospodalora di Verang,
Warona, taly

" Deparimant of Labaraiory Madicing, Unbeersity of
Padowa, Padowe, Haby

Abstract

Laberutory diagrostios, o phvetal pert of clinical daci-
sion making. is N2 sakr than oihar areas o1 heatih-
core with most errors cecumring in the manualhy
intensive preanatytical process. Patient misidentifica-
tion arrars aro potantialy sapocisted with the werse
clinkcal auteomns du to the potantial for misdisgnosis
ardd inappropridte therspy. Whike & iz misleadingly
ssumed that identification arars coour at @ kow fre-
quendy in clinical laboratories, misidantification of
gereral Inborstory specimen s around 1% and can
Predlice Sarcus NERT D patknils, vwien not prompthy
detected. This articla focuses on this chalkenging
iBsue providing en overviaw on the prewalance and

Cipartimaren & Sriaras
wraks degli Studi di Werare,
Cupedale Policinico G 8. Rousi, Fiorzale Sourg. 15

o7 T4 W arza, ks

Fhore: - 26-045-37138306, Fae: + 2045320 Wb,

E-muit ulppiftin it gusepps. ippiBunber.it

Farsivsd July 16, 2008: meea piad Moy ambar 28, 3005

kading causss of idamiification erors, anakyTing the
potantisl adwerss consequences, @nd providing tem-
athm guidalines for detecion and pravention bassd
an dikct-poskive idantification, tha use of infomma-
tian for data antry, ma for
patiert kertification and spedmen labaling, two or
more identifiers during sample collection and deka
chack mchnalkogy 1o identify sgnificant varioca of
rasits from Historicsl valuss. Onoe misidentification
s detocied, rajection and mccllaction is tha mast suli-
skl aperosch to manage the specimen.

lin Charn Leb Mad 206547

Keywords: errem: laboratory medidne misidantifi-
«cation; patiant idamification: pati ent safaty.

Intraduction

Racent svicenes atests that hastheen is ne sater
placa then it has iradiicrally boen assumed to ba.
Todey, an estimated 38000 Amerkans de sach yeer
= o resutt of medical error and 3 naary equal
numEar sucoumbs 1o infctions thay ecguine in hae
pitsls 1. Whiks thoss numbsrs Rave besn ravised by
wtimating the patiant progrosis and probakility that
“edthi could have E<an pravantad by optimal cane (21,
the mare clsaly wa aeamine petient carg, the mons
“fTarws fincl Thes srrer ratss mires & disappeinting
situgtion werkiwida which is chjectionstin ot the
beginning af the new milennium. In fact, deepke
many ohors ond raccmmandstions 1o improve
pationt satety, wo Etil lock concrete owidence that
sofaty ond quality of healthcara hove rasched thair
pinnacks. Tha Mational Coordinating Counci for Mad-
ieation Emor Aeparting and Prevanticn definas amed-
keatian mor as ~, any provertsble o ont that may
<BUma of lasd 10 iNapproprate medication usa or
patierk hamm whila tha medicaticn is inihe control of
the heskh care professicnal patient or consumer™
131 By definiticn, madical &FTorE can ooour ot ery
stage i professionzl practics, including prescrising,
arder communication, product Iabaling, packaging,
compounding. dispansing. cistribution, and edminis-
fratior. Although thers is & commen parcestian that
most modical errar arise from inappropriste or
delayed clinical Managemeat, mistikes wIscdisted
with disgnasis, cither delayed or missed, may stil
acour with fraquancy. In the rencwned publication of
the 1M raport on medical efrors (To ErT is Human)
111, 1he term “medication errors™ s cited 70 Himse,
whila “disgnostic arrore” appacrs caky twics, This is
infarasting, since diagnostic amors comprised 17% of

Misidentification:

Relatively rare, but the worst!

2. Prevent misidentification errors
3. Use of at least two patient identifiers.
b. Blood tubes should be labeled before venipuncture, in the presence of the patient.
¢. Do not process blood specimens whenever misidentification is suspected or confirmed.



Semin Thromb Hemost

Quality Standards for Sample Collection
in Coagulation Testing

Giuseppe Lippi, M.D.1 Gian Luca Salvagno, M.D.2 Martina Montagnana, M.D. 2
Gabriel Lima-Oliveira, M.D.2  Gian Cesare Guidi, M.D.2
Emmanuel |. Favaloro, Ph.D., M.A.LLM.S., F.F.Sc. (RCPA)3

Blood drawing:

The leading source of “our” problems!
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Ana-Maria Simundic*, Michael Comes, Kjell Grankvist, Giuseppe Lippi, Mads Nybo,
Svijetlana Kovalevskaya, Ludek Sprongl, Zorica Sumarac and Stephen Church

Survey of national guidelines, education and
training on phlebotomy in 28 European countries:
an original report by the European Federation

of Clinical Chemistry and Laboratory Medicine
(EFLM) working group for the preanalytical phase

(WG-PA)

The EFLM WG-PA has designed and disseminated a specific questionnaire aimed at
establishing the state-of-the-art of phlebotomy practices across Europe.

1) There is a need to assess the quality of current practices, compliance to the CLSI
H3-A6 guidelines and to identify some most critical steps which occur during
phlebotomy, in different healthcare settings

2) Existing CLSI H3-A6 phlebotomy guidelines should be adapted and used locally in
all European countries which do not have their own guidelines;

3) National EFLM societies need to be engaged in basic training program
development and continuous education of healthcare phlebotomy staff
(implementing the certification of competence).

EUROQFEAN FEDERATION
OF CLINICAL CHEMISTRY
AND LABORATORY MEDICINE
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Prevention of hemolysis in blood samples collected from intravenous catheters

Giuseppe Lippi **, Paola Avanzini ?, Gianfranco Cervellin ®

Cell-free hemoglobin (g/L)

Median Median Median Cephalic Basilic Metacarpal
cephalic basilic anterobrachial . plexus
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Influence of short-term venous stasis on clinical chemistry

testing

Giuseppe Lippi*, Gian Luca Salvagno, Martina lstituto di Chimiza @ Microscopia Cliniea,

Montagnana, Giorgio Brocco and Gian Cesare Dipartimerto di Scierze Morfologico-Biomediche, L

Guidi Urivarsita degli Studi di Verona, Verana, ltaly —

Clin. Lab. Haem. doi: 10.1111/4.1365-2257.2006.00818.x

2006283325397 \enous stasis and routine hematologic testing

G. LIPPI*, *Sezione di Chimica ¢ Microscopia Clinica, Dipartimento di Scienze Morfologico-Biomediche,
G. L. SALVAGNO*,  Universita degli Studi di Verona, Verona, ltaly
M. MONTAGNANAF*, +Servizio di Immunematologia ¢ Trasfusione, Azienda Ospedaliera di Verona, Verona, ltaly
M. FRANCHINIT,

G. C. GUIDI*

s

Blood Coagulation and Fibrinolysis 2008, 16:453-458

Short-term venous stasis influences routine

coagulation testing
Giuseppe Lippi, Gian Luca Salvagno, Martina Montagnana

and Gian Cesare Guidi




USE OF TOURNIQUET:

(a) The tourniquet should be applied to the area approximately 10 cm above the intended site of

venipuncture.

(b) It should be tight enough to restrict venous flow but not tight enough to obstruct arterial

circulation. The pulse should be palpable below the level of the tourniquet.

(c) The tourniquet should not be left in situ for >1 min (when more time is required to find a

suitable vein or the venipuncture protracts, the tourniquet may be released and reapplied).

(d) When vein is selected, tourniquet is released, skin cleansed and allowed to dry, then

tourniquet re-tightened to proceed with venipuncture.

(e) Once blood flow starts (or needle is safely in vein), tourniquet is released. Should flow

diminish or cease before sufficient blood is obtained, the tourniquet may be reapplied lightly.

(f) Tourniquet should not cause pain or discomfort to patient.
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Avoidance to wipe alcohol before venipuncture is not a source of spurious
hemolysis

Gian Luca Salvagno', Elisa Danese', Gabriel Lima-Oliveira'Z, Gian Cesare Guidi', Giuseppe Lippi**
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Gianluca Salvagno, Gabriel Lima-Oliveira, Giorgio Brocco, Elisa Danese, Gian Cesare Guidi
and Giuseppe Lippi*

The order of draw: myth or science?

Table1 Results (median and IQR) and bias (mean and 95% confidence interval) of potassium, sodium, calcium, magnesium, and phospho-
rus measured in serum tubes collected before or after either a K,-EDTA or sodium citrate tube.

Before

After

Bias

K,-EDTA tube
Potassium, mmol/ L
Sodium, mmal/L
Calcium, mmol/L
Magnesium, mmol/L
Phosphorus, mmol/L

Sodium citrate tube
Potassium, mmol/ L
Sodium, mmaol/L
Calcium, mmol/L
Magnesium, mmol/L
Phosphorus, mmol/L

4.40 (4.17 to 4.62)

143 (142 to 144)
2.41 (2.35to 2.46)
0.85 (0.81 to 0.89)
1.06 (0.97 to 1.16)

4.50 (4.27 to 4.87)

144 (142 to 145)
2.38(2.32to 2.44)
0.85 (0.80 to 0.88)
1.05 (0.94 to 1.18)

4.45(4.24to 4.68), p=0.064

143 (142 to 144), p=0.091
2.41 (2.36 to 2.46), p=0.095
0.84 (0.81 to 0.87), p=0.127
1.06 (0.97 to 1.16), p=0.070

4.54 (4.34to0 4.95), p=0.058

144 (142 to 145), p=0.170
2.38(2.33 to 2.45), p=0.054
0.84 (0.80 to 0.88), p=0.231
1.04 (0.94 to 1.20), p=0.063

0.04 (-0.01 to 0.08), p=0.127
0.2 (-0.1 to 0.4), p=0.182
0.00 (0.00 to 0.01), p=0.190

-0.01 (-0.02 to 0.01), p=0.253

0.00 (0.00 to 0.01), p=0.141

0.04 (0.00 to 0.08), p=0.056

0.1 (-0.1 to 0.4), p=0.341
0.01 (0.00 to 0.02), p=0.108
0.00 (-0.01 to 0.01), p=0.462
0.00 (0.00 to 0.01), p=0.126
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Review

Haemolysis: an overview of the leading cause of unsuitable
specimens in clinical laboratories

Giuseppe Lippi'®1%* Norbert Blanckaert®®,
Pierangelo Bonini**'?, Sol Green*®, Steve
Kitchen®®, Viadimir Palicka®®, Anne

J. Vassault’® and Mario Plebani®!®

Biochemia Medica 2010,20(2):154-9

Special issue: Quality in laboratory diagnostics: from theory to practice

Hemolysis detection and management of hemolyzed specimens

Ana-Maria Simundic™, Elizabeta Topic?, Nora Nikolac', Giuseppe Lipp®

TUniversity Dep, of Chemistry, Sestre Milosrdnice University Hospital, Zagreb, Croatia

2Croatian Society of Medical Biochemists, Zagreb, Croatia

3Laboratory of Clinical Chemistry and Hematology, Department of Pathology and Laboratory Medicine, University Hospital, Parma,
Italy
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Resource Centre Home

Introduction to Preanalytical ;E ,‘J!!e‘x
Variables Hemolysis
NEW Resources Added
Haemolysis: The No. 1 Reason for Specimen Rejection
Preanalytical Guidelines
Preanalytical Flow Charts Download presentation given by our EPSC members at Euromedlab 2009:

In Vitro Hemolysis: Causes, Prevalence, Effects, Measurements & Solutions. Euromediab
e 2008 Innsbruck, [SW # 20

Specimens — An Overview

(Part 2) Download the 'Haemolysis: The No. 1 Reason for Specimen Rejection’ paster in:
+ Previous Topics .
English
Urine Specimens — An French

Overview (Part 1)

Clin Chem Lab Med 2009;47(8):934-939 © 2009 by Walter de Gruyter - Berlin = New York. DOI 10.1515/CCLM.2009.218

Multicenter evaluation of the hemolysis index in automated
clinical chemistry systems

Giuseppe Lippi'®'®* Gian Luca Salvagno’,

Norbert Blanckaert®®, Davide Giavarina®, Sol
Green*¥, Steve Kitchen®®, Vladimir Palicka®®,
Anne J. Vassault’® and Mario Plebani®-1®



Clin Chem Lab Med 2008;47(6):899-802 @ 2009 by Walter de Gruyter - Berlin -+ New York. DOI 10.1515/GGLM.2009.229

Editorial
Hemolysis index: quality indicator or criterion for sample
rejection?

Mario Plebani'>* and Giuseppe Lippi>?

Percent lysate
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Biochemia Medica 2010;20(2):154-9
Hemolysis detection and management of hemolyzed specimens

Ana-Maria Simundic', Elizabeta TopicZ, Nora Nikolac', Giuseppe Lippi®

Hemolytic specimens are frequent occurrence in Ilaboratory
medicine.

» The prevalence is as high as 3.3% of all routine samples.
» They account for 40-70% of all unsuitable specimens.

» The are the first cause of unsuitable specimens, nearly five times higher
than the second.

* In vitro hemolysis remains the leading cause of unsuitable specimens
for both outpatient and inpatient samples, for routine and stat specimens.

* Several tests that are unreliable on hemolyzed specimens must be
suppressed.




Biochemia Medica 2013;23(2):193-200

Critical review and meta-analysis of spurious hemolysis in blood samples
collected from intravenous catheters

Giuseppe Lippi*', Gianfranco Cervellin?, Camilla Mattiuzzi®

Relative Risk (95% )

Cugan et al, 2005 —i— 0.99{0.91-1.08)
Grant, 2003 | * 3.18(2.34-4.31)

GGrant, 2003 [al:nstra-:t:-_ 14— 1.17 (1.08-1.28)
Lippi et al, 2013 _ S 1.42(1.18-1.70)
Cumulative O 1.32(1.24-1.40)

00 o5 1.0 15 20 25 30 35 40 45

Relative Risk (95% Confidence Interval)
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Biochemia Medica 2013;23(1):64-9
Evaluation of sample hemolysis in blood collected by S-Monovette® using

vacuum or aspiration mode

Giuseppe Lippi*!, Paola Avanzini', Roberta Musa', Franca Sandei, Rosalia Aloe', Gianfranco Cervellin?

Cell-free hemoglobin
(g/L)
OOO—-=_=_NNWWANUIUI
mouUIcUToUIOULIOUTO W

n

SD-A

Desirable
specifications

Within-run
imprecision

BD-V

SD-A

52

BD-V

52

Bias from
SD-A

p Vs.
SD-A

Ficure 1. Blood collection with s-Monovette in aspiration (a)
and vacuum (b) mode.

SD-V

52

Bias from
SD-A

p vs. SD-A

p vs. BD-V

LDH (U/L)

+4.3%

0.6%

432 (344-521)

495 (398-593)

14.6%

0.01

463 (370-555)

7.0%

0.01

0.05

Potassium (mmol/L)

+1.8%

0.6%

4.04 (3.90-4.18)

4.15 (3.96-4.34)

2.7%

0.04

4.11 (3.96-4.26)

1.7%

0.01

0.22

Cell-free hemoglobin
Value (g/L)

0 (0-0)

0.3 (0.1-0.6)

0.01

0.2 (0.1-0.3)

<0.01

0.10

Frequency =0.5 g/L

1(2%)

15 (29%)

<0.01

16 (31%)

<0.01

0.70
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Biochemia Medica 2013:23(3):303-7
Reduction of gross hemolysis in catheter-drawn blood using Greiner Holdex®

tube holder

Giuseppe Lippi*', Paola Avanzini', Rosalia Aloe', Gianfranco Cervellin?

- - ;:[ Ve ‘". 7 \“
{ | |V\ [ [ @] [
‘-\ ‘\ U ‘ ‘a\ .‘I \ Y Blood flow
5.0 ) N
4.5 p=0.04
40 oo ) AN .
7 A M
\ [ H | | Blood flow
35+ oo o~ WY Y L
= \_J/
e
= 30
.g TasLe 1. Concentration of potassium and cell-free haemoglobin and lactate dehydrogenase (LD) activity in serum samples drawn
= 2.5 from intravenous line using a conventional tube holder (BD Vacutainer One Use Holder) and Holdex.
o
f.j 20 o o BD Vacutainer One Use Holder Holdex P
$ Potassium (mmol/L) 4.25 (4.10-4.40) 416 (4.05-4.2¢6) 0.031
£ 151 ° LD (U/L) 498 (423-573) 459 (397-521) 0.039
U .
wJ 1.0 on oo Cell-free haemoglobin (g/L) 0.42 (0.17-0.67) 0.22 (0.11-0.32) 0.042
Cell-free haemoglobin > 0.5 g/L (rate) 17/60 (0.28) 17/60 (0.28) 1.000
0.5 1 ey S Cell-free haemoglobin > 3 g/L (rate) 4(0.07) 0(0.00) 0.042
— Data are presented as mean and 95% confidence intervals.
0.0 RO I

BD Vacutainer One Use Holder Holdex
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Semin Thromb Hemost 2013;39:258-266.

Interference in Coaqulation Testing: Focus on
Spurious Hemolysis, Icterus, and Lipemia

Giuseppe Lippi, MD' Mario Plebani, MDZ Emmanuel |. Favaloro, PhD, FFSc (RCPA)3

----- Bilirubin
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Journal of Laboratory Automation
. . XK(X) 1-5
Continuous-Flow Automation and ©201250cy o Liberry
it e
Hemolysis Index: A Crucial Combination P
®SAGE

Giuseppe LippiI and Mario Plebani’

Serum indices

Suitable for testing

Unsuitable for testing
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Technical Evaluation of the Novel
Preanalytical Module on Instrumentation
Laboratory ACL TOP: Advancing
Automation in Hemostasis Testing

Giuseppe Lippi', Luigi Ippolito', and Emmanuel J. Favaloro®
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Bilirubin
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PT (Ratks with the baseling specimen)

Flbrinoegn (Ratk with the baseline spacimen)
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Semin Thromb Hemost

Quality Standards for Sample Collection

in Coagulation Testing

Giuseppe Lippi, M.D.7 Gian Luca Salvagno, M.D.?2

Gabriel Lima-Oliveira, M.D.2

Gian Cesare Guidi, M.D.2

Emmanuel J. Favaloro, Ph.D., M.A.LLM.S., F.E.Sc. (RCPA)3
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Martina Montagnana, M.D. 2



o M o 5 o W
riabtet:l}MED g g@}

EURASIA

Am J Clin Pathal 2010;134:843-853

Discard Tubes Are Sometimes Necessary When Drawing Samples for Hemostasis
Emmanuel J. Favaloro, PhD  Giuseppe Lippi, MD

We continue to support the current CLSI
recommendations and assert that a discard tube is
unnecessary when collecting samples for haemostasis
tests, excepting for select circumstances.

This would include when using catheters or butterfly
devices, of this
collection system may cause under-filling of the first-
drawn tube, as well as perhaps when collecting for
testing of platelet function such as by the PFA-100.




Do not mix blood from different tubes!

« EDTA irreversibly sequestrate calcium, which is essential
for clotting tests

« In serum, clotting has already been triggered
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BRITISH JOURNAL OF BIOMEDICAL SciENCE 2013 70 (4)

Blood sample contamination by
glucose-containing solutions:

effects and identification

G. LIPPI', P AVANZINI*, . SANDEF, R. ALOE’
and G. CERVELLIN'

Table 1. Concentration (mean * standard error of the mean) of plasma glucose, potassium, sodium, chloride, lactate dehydrogenase (LDH)
and cholesterol in aliquots of heparinised blood contaminated with different amounts of 5% glucose solution.

Heparinised 5% glucose Contamination Glucose Sodium Potassium Chloride LDH Cholesterol
blood solution (mmol/L) (mmol/L) (mmol/L) (mmol/L) (UL (mmol/L)
1mL 0 mL 0% 5.3+0.1 143+0.7 4.04+0.08 108+0.4 290+13 4.7+0.5
imL 0.05 mL 5% 20.2+0.3 134+1.1 3.78x+0.09 101+0.6 275x14 4.4+0.5
imL 0.10 mL 9% 34.4+0.5 127+0.9 3.569+0.08 96+0.5 256+14 4.1+0.5
1mL 0.15 mL 13% 45.4+1.6 120+0.8 3.38+0.07 91+0.6 242+14 3.9+0.4
1mL 0.20 mL 17% b7.1t1.4 115+1.1 3.25x+0.08 87+0.4 230x11 3.7£0.4
1mL 0.25 mL 20% 66.0+1.6 109+0.8 3.10+0.07 83+0.4 215+10 3.6+0.4
imL 0.30 mL 23% 77.3£1.3 103+1.1 2.97x0.07 79x0.5 2048 3.4+£0.4

0 1.00 mL 100% 278.1 - - - - _
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Anaesthesia 2014 doi:10.1111/anae. 12990
The effect of hyperglycaemia on haemostasis testing — a
volunteer study

G. Lippi,' R. Buonocore,” R. Musa,” L. Ippolito,> A. Picanza® and E. J. Favaloro*
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Biochemia Medica 2014;24(3):359-67

Contamination of lithium heparin blood by K2-ethylenediaminetetraacetic acid

(EDTA): an experimental evaluation

Gabriel Lima-Oliveira*"2, Gian Luca Salvagno', Elisa Danese', Giorgio Brocco', Gian Cesare Guidi'2, Giuseppe Lippi®
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Biochemia Medica 2010;20(1):5-8
Kontrola kvalitete u laboratorijskoj dijagnostici iz nove perspektive ’
-

Total quality in laboratory diagnostics. It’s time to think outside the box 5

Giuseppe Lippi™, Ana-Maria Simundic?
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Clin Chem Lab Med 2007;45(6):720-727 © 2007 by Walter de Gruyter » Berlin + New York. DOl 10.1515/CCLM.2007.167

Risk management in the preanalytical phase of laboratory

testing
Giuseppe Lippi* and Gian Cesare Guidi

(1) Predict accidental events

- BExhaustive process analysis
- Reassess and rearrange quality requirements

Y A - Disseminate operative guidelines and best-practice recommendations
. B . - Contain wulnerability {complexity and error-prone activities)
s g - Introduce error-tracking systems

. g - Continuous monitoring of performances

) —

i -y (2) Strengthen defences
H ¢ h - Multiple systems to identify

=3 nor-conformities

‘a—a
t h’
-

A

4
~
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?'f

N

;"//

M
e
e

\ g ! (3) Diversify defences

3 (4) Decrease vulnerability - Heterogeneous systems to
. - Religble and less vulnerable : B identify non-conformities
SR detection systems
i - Causal relation charts - -
®! . Fication and fraining \% i
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Risk management in the preanalytical phase of laboratory
| testing

| S Development of a multifaceted risk
T e management strategy to enhance quality

in the total testing process

1. Systematic analysis of workflows and bottlenecks in the system:
«  Elimination or redesign of flawed/mishandled procedures
« ldentification of solutions to suit local circumstances.

2. Do not blame individuals.

3. Continues process monitoring through development and implementation
of suitable “error tracking systems”.

4. Continuous education through reliable recommendations, improved
communication, interpretive rounds within and outside the laboratory.

5. Definition and implementation of representative quality indicators and
outcome measures.
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Proposal of a checklist for venous blood collection.

Giuseppe Lippi', Camilla Mattiuzzi®, Giuseppe Banfi’, Mauro Buttarello®, Marco Caputo®, Massimo Daves®, Alberto
Dolci’, Valentino Miconi®, Bruno Milanesi®, Martina Montagnana'®, Margherita Morandini™, Elisa Piva'®, Gian Luca
Salvagno', Teresa Troiano'”, Gianfranco Cervellin™, Davide Giavarina™ a nome del Gruppo di Studio Intersocietario
'ISIBiaC-Societé ltaliana di Medicina di Laboratorio (SIMeL) Variabilita extra-analitica

Use individual protection devices (IPD)

Patient is seated or supine for 5 min

Verify patient identity

Verify correspondence of patient identity on tube labels

Label blood tubes before venipuncture

Prepare the material for venipuncture

Prepare the material for venipuncture

Place the tourniquet for less than 2 min

VWi io|Njlocn| AW IN| =

Avoid repeated attempts in difficult venipunctures

10 Follow the order of draw

11 Fill the tubes properly
12 Mix gently blood tubes
13 Safe di | of materi




Do we always know for sure who is guilty???

THE CONGRESSIONAL HEARINGS...

DID You, 0R DID You NOT,
PONT AT MR.WHITTINGTON

BEFORE THE VICE PRESIDENT
SHOT HIMT,.

Whenever an error
occurs, BLAME your
SYSTEM, and not your

STAFF!
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Recommendations for detection and management of
unsuitable samples in clinical laboratories

Giuseppe Lippi'*, Giuseppe Banfi2, Mauro
Buttarello®, Ferruccio Ceriotti*, Massimo
Daves®, Alberto Dolci®, Marco Caputo’, Davide
Giavarina®, Martina Montagnana’', Valentino
Miconi®, Bruno Milanesi'®, Andrea Mosca'',
Margherita Morandini*? and Gian Luca
Salvagno? for the Italian Intersociety SIBioC-
SIMeL-CISMEL Study Group on Extra-
analytical Variability

Tentative database for the registration of unsuitable specimens.

Operator 1DV Date and time® Sample ID® Type of problem* Solution to the problem® Receiver ID

G.L. 01/03/2007; 10:30 45200899 ED C-CLOT REQ-SPEC Mr. Paoclo Rossi

AB. 01/03/2007; 10:42 53200612 C-CONT SI-DEP Dr. Giovanni Rossi
INT MED

"nsert the identification of the operator who identified the unsuitable specimen. ®Insert the date and time of identification
of the unsuitable specimen. ¥Insert the code for the unsuitable specimen and the referring department. ¥Insert the type of
problem encountered in the specimen according to a standardized format: al hemaolytic specimen, C-HEM; b} clotted specimen,
C-CLOT; ¢} contaminated specimen, C-CONT; d) insufficient specimen, C-IN5; e) inadequate container, C-INA; fl missing or
wrong identification, C-NC. ®Insert the procedure used to manage the problem according to a standardized format: a) cited
department, SI-DEP: b) second specimen requested (for inpatients), REQ-SPEC; ¢} recalled patient {for outpatients), REQ-PAT;
d) specific comment included in the laboratory report, INS-COM. ®Insert the identification of the persen to whom the problem
and solution were reported.




lzvorni strucni clanak

Original professional article

Razvo) programa za biljezenje prijeanalitickih pogresaka

Development of a preanalytical errors recording software

Giuseppe Lippi, Patrizia Bonell, Rossana Rossi, Mifco Batdi,Rasalia Alos; Alberta Cleff, Enfichetta Bonikasi

Ui di Patclogia & Madicina d Laboratario, Azisrd dalisra-Univarsitaria di Farms, Fams, ltaly
-, i ippi i, ulippigetinit, gi
Safetak Abstract

Uwod: lako je doprines laboratorijskej dijagnostici od integralne vaimesti u
procesy donodenja Minidih odiuka, bealiteta rada i siqurnost tjekom dijag-
nostickih andiza od kfuinog su mataja za unapiedenje adravstvene ztite
koja e na visohom stupnp $o s kvalibete | siumosti fid. Unatof mvanied-
nom naprethy u kvaliteti celokupnog procesa laboratirijke andlize, prijea-
nalitidka varijabilnest predstala wded izvor pogreEaka i nesigurmost. Uso-
denje dstematiine poftke bijefenjy priganaltidoh pogreaka uvelie bi
pobolsala definiranje Mjumih aktivmst 10g procesa, lanirange | pracenje
wiinktih rackii s cifem pebofianja dekkupaog procesa. ) ovom danku

‘o the dinical deckion making, quakity and safety in diagnostic teting e
essantia to furthering the godl of high-quality and safe healthcare. Despi-
terematkahle alvances i the quality of the tatal testing process, the prea-
nalytical wariability & the kading source of errors and uncertainty. & such,
thei on ofa ic policy for recording prenabytical

would grant major benefits foridentifying aitical activities of this process,
planning and menitaring effective actions fr mprovement. The aim of this
artica s tn describe the scftware developed for the reecing of preanalyti-

p ik
1ikih pogreidka u waiem laboratoriju
Materijali i metode: Ka sow program rarvil na temefu Micmsofineog
programa Acess. davma poljauldjuiena u program sbubvadala subjat ra
progresiono brojanje umeaka, datum primitka weorka, identifikaciski broj
uzorka, ime bolesnika, tip pretrage odied s knjeg je boksnik wpuden, matriks
umika, i i, radnja hoja je pochuzeta kaka bi s ijefio probl

laberatory.
e on Miaosaft Arcess. The main fields indudsx in the software compe eha-
nd anumerator for progressive enumeration of the samples, the date of re-
ot imen, the Sample IL, the patient's name, -

the refering ward, sample matrix, the type of non-conformity, the action
undertaken 1 salve the problem, a second fiskd for possible acditional ac-

druge plieza chje knje 50 dodaimo padurste, identifikacish broj  tions undertaken, and the aperator ID. The database & stored on a commen
aperatera. Bara podataka nalazi s2 na sreciénjem rafunalu unutar nateg - epasitory i i sthatil
boratorijshog i i i o da s do nje mae dod s bila bjeg 1y computer in the laboratory, dlowing matinuos and standardized input
S AT Fr— ofthadsta,
dataka. Results and discussion: The mplementation of a software for sysemati-
Rezultati i rasprava: Uvodenje i P icn i recording i q jor benefits, i
e pripandiid S N nizationefil g " el
manizacija potokola za biljedenie incidenata, jdnostamost digitanog bi- — nation itten reparts, indusion of |ahoratry
Y, eliminc P i Uk ——— o 3
Hipuénih segmenata laberaterikog rada, jadmstaima prilagodba korisnku analyses, improved ing, s wel
(laboratoriul, koretenje tablia 5 podacima za opsedne statistiche analize,  asproduction of improved statistical reports.
pobs " ) pobelfama - Hepwois o
kihizvieséa amalytical phase
Kljuéne pogeih lab
ormatika; ivananaliticha faza
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Scandimawvian Fournal of Glinical & Labaratory Investigation

2000, 1-4, iFirst article
The importance of incident reporting in laboratory diagnostics

GIUSEPPE LIPPI!E & MARIO PLEBANIZ-

INCIDENT
REPORTING
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Pre-analytical variability and quality of
diagnostic testing. Looking at the moon and
gazing beyond the finger

, Giuseppe Lippi’, Camilla Mattiuzzi’ and Emmanuel J Favaloro®
Academic Hospital of Parma, Italy; 2?General Hospital of Trento, Italy;
*Westmead Hospital, Australia

TOTAL quality _

ﬂr&anafyﬁcai quality
Analytical quality




