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Global Laboratory Tests
▪

3-5% of total healthcare costs worldwide

▪

Global IVD market valued at $ 64.7 billion in 2012, growing at a rate of 7% annually
▪ Growth in the Asia Pacific region: 12% annually
▪

US:
▪ 7 billion tests carried out annually in the US only; 58% in hospitals and 32% in
▪
▪
▪
▪

independent labs, 10% in clinics and doctors offices
Health care costs in the United States are thought to approach $2.5 trillion per year;
laboratory and pathology testing accounts for $ 60 billion - 4% of total health care costs.
US IVD market estimated in 2018: $ 26.4 billion
Estimated laboratory costs increase 15% to 25% annually, driven mostly by molecular
and genetic.

Lab results are vital
Example:
▪ Notification of a critical laboratory result led to
change of treatment in:
▪ 98.0% of surgical in-patients
▪ 90.6% of medical in-patients

▪ More than 40% were previously unsuspected
findings

Piva et al, Clin Biochem 2014; 47: 1163-8
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Lab results are vital

The 70% Claim
Laboratory medicine data
influences
70%
of clinical decisions

Hallworth, M, eJIFCC 26;1:4-6

Pre-analytical errors management in the clinical
laboratory:
A five year study
❑ The overall rate of critical pre-analytical errors was

0.047%
❑ The total rate of sampling errors in the study period was
13.54%.
❑ The highest rates were found for the indicators
haemolysed sample (8.76%),
❑ urine sample not submitted (1.66%) and
❑ clotted sample (1.41%)
❑

Biochem Med (Zagreb). 2014;24(2):248-57.
Giménez-Marín A1, Rivas-Ruiz F, Pérez-Hidalgo Mdel M, Molina-Mendoza P

Lab related causes of diagnostic error:
Areas to do better
• Inappropriate test ordered
• Appropriate test not ordered
• Appropriate test result not used properly (knowledge
deficit, failure of synthesis, misleading result)
• Appropriate test result delayed/missed
• Appropriate test result wrong/inaccurate
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Our endless efforts in
improving quality…..
Analytical Quality:

Post-analytical Quality:

• In batch QC/ daily QC

• Barcoding

• Sigma measurements

• Flaggings

• Calibration of instrument

• Automatic reporting

• Maintenance of reagent quality

• Critical value reporting

• Proficiency testings

• Online result delivery

• Certification programs –

• Lean - Waste management

accreditation programs

Labs around the world have made great improvements
in analytical and post-analytical quality

The Value of Laboratory Processes
PATIENT
Advice/guidelines

REQUEST
Advice

SAMPLE
Process/Quality

RESULT
Interpretation

INFORMATION
Evidence

OUTCOME
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Most frequent sources of errors
in the pre-pre-analytical steps
accounting for 48%-62% of total errors in laboratory medicine

PRE-PRE-ANALYTICAL
ERRORS

PRE-ANALYTICAL
ERRORS

• Inappropriate test request
• Order entry mistake
• Patient/sample

• Labeling (secondary

•
•
•
•

misidentification
Sample collection problems
(hemolysis, clotting,
insufficient volume, etc)
Sample collection from
infusion route
Inappropriate container
Sample handling, storage
and transportation problems

•
•
•

specimen) errors
Sorting and routing errors
Pour-off errors
Specimen-processing errors
(centrifugation, decapping,
aliquoting, etc)

M Plebani, eJIFCC; 26 , 1 : 7-14

Changing Role of Lab Medicine
•
•
•
•

FROM
Specimen-centered
Clinical testing
Lab performance
Provider of Results

⬜
⬜

⬜
⬜

TO
Patient-centered
Clinical decisionmaking
Patient outcomes
Partner in care
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Goals to be achieved:
The right test for the right patient
at the right time
giving the right results
at the right time
with the right interpretation
using the right guidance

Magnitude of Pre-analytical Errors

Post-analytical
19%
Analytic
al
13%

Preanalytical
68%

Plebani M, Carraro P: Mistakes in a stat laboratory: Types and frequency. Clin Chem 1997;43:1348-1351

Magnitude of Pre-analytical Errors
In more than 25%
of all cases,
Post-analytical
19% the error resulted in
Analytic
unnecessary investigation or
al
13%
inappropriate
Preanalytical
patient
care
68%

Plebani M, Carraro P: Mistakes in a stat laboratory: Types and frequency. Clin Chem 1997;43:1348-1351

The Magnitude of Pre-analytical Errors
Pre-analytical:
•
Error in test order
•
Patient preparation fault
•
Patient misidentification
•
Specimen collection error
•
Tube filling error
•
Hemolysis
•
Inappropriate storage
•
Transportation error

Postanaytical
23%
Analytica
l 15%

Pre-anaytical
62%

Analytical:
• Unrecognised analytical inaccuracy
• Instrument error
Post-Analytical:
• Inappropriate result interpretation

Çuhadar S. Preanalytical variables and factors that interfere with the biochemical parameters: A review. OA Biotechnology 2013
Jun 01;2(2):19.

Carraro P, Plebani M. Errors in a stat laboratory: types and frequencies 10 years later. Clin Chem 2007
Jul;53(7):1338-42

Pre-analytic Variables
Patient Variables

Specimen Collection Variables

Specimen Handling Variables

Diet

Posture

Hemolysis

Body mass

Diurnal variation

Lipemia

Age

Time of collection

Centrifugation

Medications

Fasting status

Processing time

Gender

Tourniquet

Temperature

Smoking

Presence of IVs

Sunlight

Pregnancy

Capillary vs venous

Evaporation

Exercise

Anticoagulants

Aliquoting

Race

Order of draw

Labeling

Dehydration

Transport conditions
Plumhoff EA, Masoner D, Dale JD, Communique, Mayo Foundation for Medical Education and Research

The Overlooked Potential for Errors in
Pre-analytical processes

Despite the improvements in analytical and post-analytical quality
pre-analytical processes are frequently assumed as
phlebotomy-limited issues only

Lack of awareness towards potential errors due to pre-analytical factors

Lack of trainings to laboratory practitioners

Plumhoff, Masoner, Dale:

Pre-analytic Laboratory Errors:
Identification and Prevention
Preanalytic error prevention requires excellent communication and cooperation
among all members of the health care team,
from the phlebotomist who collects the specimen,
to the courier who picks up the samples for transport to the testing laboratory, to the
personnel receiving the specimen.
The education of health care professionals involved in procedures for the collecting,
handling, preparing, and transporting biological specimens is crucial to understanding
the effects of pre-analytic variables on specimen quality.
Optimal specimen condition and reliable results are achieved by collaboration between
the collecting and receiving laboratories. With close attention to established procedures
and instructions, pre-analytic error is minimized.
In turn, patient care improves.

Pre-analytic Laboratory Errors: Identification and Prevention
Phlebotomy Procedure and Impact on Testing
Procedural Steps
1
2

Impact on Testing

Prepare the accession order to identify all paperwork and supplies for
each patient
• Approach and identify the patient
• Sanitize hands

Ensure prompt and accurate processing of forms and analysis of results
• Identification of the patient is crucial for accurate test results
• Reduce spread of infections

3

• Verify patient’s fasting status, diet restrictions, and inquire if the patient
has a latex sensitivity
• Select appropriate gloves and tourniquet

4

• Inspect all supplies for defects and expiration dates
Assemble necessary supplies and appropriate collection tubes according
• Select appropriate needle gauge
to test requests
• Select appropriate blood collection system

5

Position the patient

• For patient comfort and safety, collect specimens with the patient seated in an appropriate chair or lying down

6

Apply tourniquet and select the venipuncture site and vein

• Tourniquet placement should not exceed 2 minutes, which may result in hemoconcentration and erroneously increased levels of proteinbased analytes, packed cell volume, and other cellular elements
• Preferred site is antecubital fossa

7

Put on gloves

• Part of universal precautions to protect phlebotomists and other health care workers from exposure to blood-borne pathogens

8

Cleanse the venipuncture site and allow to dry

• Prevent microbiological contamination
• Introduction of alcohol into specimen may cause hemolysis of specimen

9

Perform venipuncture; once blood flow begins, request the patient to
open his/her hand

• Blood flow should be uninterrupted
• Immediately mix collection tube containing additives by gentle inversion (end-to-end mixing 5–6 times)
• Numerous inversions or vigorous shaking can cause hemolysis

10

Fill tubes using the correct order of draw

• Recommended order of draw
• Blood culture tube
• Coagulation tube (light-blue top)
• Serum tube with or without clot activator, with or without gel (red top)
• Heparin tube (green top)
• EDTA tube (lavender or pearl top)
• Glycolytic inhibitor tube (grey top)
• Plastic or glass serum tubes containing a clot activator may cause interference in coagulation testing. Glass nonadditive serum tubes or
plastic serum tubes without a clot activator may be drawn before the coagulation tube.

11

Release and remove the tourniquet

Remove as soon as possible after the blood begins to flow

12

Place the gauze pad over the puncture site

Cotton balls are not recommended because of the possibility of dislodging the platelet plug at the venipuncture site

13

Remove the needle, activate any safety feature, and dispose of the
device

Follow manufacturer’s directions

14

Apply pressure to the site, making sure bleeding has stopped and then
bandage the arm

Watch for continued bleeding

15

Label the tubes and record time of collection

• The patient and the patient’s specimen must be positively identified at the time of collection
• Tubes must be labeled after filling with a label bearing at least the following:
• Patient’s first and last names
• Identification number
• Date of collection
• Time of collection
• Identification of phlebotomist

16

Observe special handling requirements (if any)

•Special handling possibilities
• Specimen chilling
• Transport at 37 degrees C
• Protect from light

17

Send properly labeled blood collection tubes to the laboratory

Maintain proper transport conditions to preserve specimen integrity

• Some tests require fasting specimen or elimination of certain foods from the diet prior to blood draw
• Hypersensitivity to latex can cause severe reaction. Use nonlatex supplies where appropriate.

Plumhoff EA, Masoner D, Dale JD, Communique, Mayo Foundation for Medical Education and Research

May I Help You Campaign

• An initiative to improve patient’s and

laboratory workers’ safety by improving preanalytical process
• A collaboration between the Indonesian
Association for Clinical Chemistry and Becton
Dickinson

Objective:
To help Indonesian laboratories improve
their pre-analytical practices
to achieve better patient care and healthcare
worker safety

Note: according to WHO and CLSI guidelines

MAY I HELP YOU
CAMPAIGN
The background

The Pitfalls in Pre-analytical Process
• Patient preparation, identification, positioning

• Tube selection
• Torniquet usage
• Phlebotomy techniques
• Handling of sample
• Centrifugation process
• Worker safety measures

Pre-analytical error is still a
significant problem

No bad sample can provide good results

Why IACC collaborated with BD
• Expertise in pre-analytical issues in BD

• Mini audit system instead of just training
• Large number of labs inclusion
• Independence ; Less conflict of interest
• Educative value
• Transparency due to confidentiality assurance

What We Learned
• Awareness to pre-analytical errors needs to be increased

• Trainings to increase awareness to the problems is a

requirement
• Pre-analytical process campaign needs to be expanded
• Acceleration of campaign is required

Why the Pre-analytical phase deserves
more attention
Most errors affecting laboratory test results occur in
the preanalytical phase
Advances in instrument technology
and automation have simplified
tasks in laboratory diagnostics and
improved the quality of test results.

WHY?
Difficulty in achieving
standardised procedures
for sample collection

Errors occurring during the pre-analytical phase –
from the time the test is ordered by the physician until the sample is ready
for analysis –
can account for up to 93% of the errors currently encountered during
the total diagnostic process

The ‘May I HELP You’ Campaign
OBJECTIVE
To help laboratories in Indonesia to improve the pre-analytical practice/ procedure for
the benefit of patient safety and healthcare worker safety

METHOD
Audit in the pre-analytic process by direct observation at phlebotomy area
(hospitalised patients, non-hospitalised patients, ER, MCU, ICU, NICU, etc) and
observation of specimen quality in the laboratory

IMPLEMENTATION
Audit conducted in 59 institutions from the 75 signing up to the program

Milestones

2015
18 new surveys

2014
18 new surveys

2013
3 new surveys and 10 re-surveys
2011-2012
9 Institutions surveyed

2016
11 new
surveys

SCOPE OF
AUDIT
Blood Collection Section

Blood
collection
device
storage

Patient and
specimen
identification
procedure

Infection
control
procedure

Phlebotomy
technique

Healthcare
worker
safety

Laboratory Section
Workflow Analysis

Sample Quality

Sample accessioning and tube
labeling

Tube fill volume

Transport time and temperature

Clotting and fibrin

Centrifugation process

Hemolysis

Poin-Poin / Parameter Audit
Patient
Safety
• Patient
Identification
• Minimum
Patient
Information

Infection
Control
• New Gloves Worn
• Correct Disinfection
Procedure
• Single Use Tourniquet
• Single Use Holder

Phlebotomy
Technique

Health Care
Workers Safety

• Close System
Collection
• Appropriate
Tourniquet
release
• Mixing Tubes
• Order Of Draw

• Needle
Recapping
• Incorrect
Device Disposal

Specimen
Quality
• Centrifugation
Calibration
• Underfillled
• Fibrin
strands/mass
• Hemolysis
• etc

Facility
• Expired
Products
• Lighting
• Waste
Management

Demographic

Summary of results:
Some areas are sufficiently
complied to
Some other areas still need
improvement

Guidelines for Pre-analytical
procedures
❑ Tubes and Additives for Venous and Capillary Blood Specimen Collection; Approved

Standard Sixth Edition. CLSI document H01-A6 (ISBN 1-56238-740-5), 2010
❑ Procedures for the collection of diagnostic blood specimens by venipuncture; Approved

Standard - Sixth Edition. CLSI document H3-A6 (ISBN 1-56238-650-6), 2007
❑ Procedures and Devices for the Collection of Diagnostic Capillary Blood Specimens;

Approved Standard—Sixth Edition. CLSI document H04-A6 (ISBN 1-56238-677-8), 2008
❑ Procedures for the Collection of Arterial Blood Specimens; Approved Standard—Fourth

Edition. CLSI document H11-A4 (ISBN 1-56238-545-3), 2004
❑ Procedures for the Handling and Processing of Blood Specimens for Common Laboratory

tests; Approved Guideline—Fourth Edition. CLSI document H18-A4 (ISBN 1-56238-724-3),
2010
❑ Collection, Transport, and Processing of Blood Specimens for Testing Plasma-Based

Coagulation Assays and Molecular Hemostasis Assays; Approved Guideline—Fifth Edition.
CLSI document H21-A5 (ISBN 1-56238-657-3), 2008

RESOURCES
❑ Collection, Handling, Transport, and Storage for Body Fluids. CLSI document C49-A/H56-A

(Quick Guide), 2007
❑ Quality Venipuncture Quick Guide. CLSI document H03-A6 (Quick Guide), 2010
❑ Technique for Skin Puncture in Adults and Older Children Quick Guide. CLSI document H04-

A6 (Quick Guide), 2010
❑ Handling, Transport, and Storage of Specimens Quick Guide. CLSI document H18-A4 (Quick

Guide), 2010
❑ Collection, Handling, Transport, and Storage for Hemostasis Quick Guide. CLSI document

H21-A5 (Quick Guide), 2010
❑ Set of Two Newborn Screening Quick Guides. CLSI document LA04-A5 (Quick Guide), 2007
❑ Personal Protection in the Laboratory Quick Guide. CLSI document M29-A3 (Quick Guide),

2007
❑ Collection, Handling, and Transport for Blood Cultures Quick Guide. CLSI document M47-A

(Quick Guide), 2007

