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Abstract

There are pre-analytical, analytical and post analytical factors that contribute to accurate test resultsin clinical laboratories.
Pre-analytical variables account for 32-75% of laboratory errors, and encompass the time from when thetest is ordered by
the physician until the sample is ready for analysis. Most mistakes often occur before the samples are analysed. Thereis a
need for stronger coordination between clinicians and personnel working outside the laboratory for improving the test

quality.
Introduction

dvances in science and technology have led to

transformation of laboratory diagnostics from
manual, cumbersome testing methods to fully automated
science, ensuring accuracy and speed. Advances in
automation, sample collection, transportation, and
dispatch of reports have led to a drastic improvement in
the performance of laboratories. However, the laboratory
cannot function in isolation and is dependent on other
departments, mainly the clinical division for sending
properly filled requisition slips and samples for analysis.
Modern day diagnosis is heavily dependent upon reliable
laboratory data. It is therefore, pertinent to ensure
credibility of the results emanating from the clinical
laboratories.

Quiality is the core issue for al laboratories and
this requires total quality management in the laboratory
process in the pre-analytic, analytic, and post-analytic
phases. The concept of total quality management
encompasses al the steps involved in sample processing,
beginning from test ordering to the final interpretation of
results by the clinicians to reduce or eliminate the errors
that may arise during the various steps. Promotion of
ideal phlebotomy practices and sample transport
procedures are a pre-requisite for the effective laboratory
functioning. Dependence on accurate laboratory results
for establishing diagnosis makes it mandatory for labs to
ensure accountability and accuracy of results and negate
incorrect diagnosis due to faulty report. Keeping record
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of the errors at al stages of anaysis and devising
corrective dtrategies for their future prevention can
gradually free a laboratory from such errors.

The Total Testing Process

The total testing process is the entire process
from ordering of a test to the interpretation of test
result. It starts and ends with the patient, and can be
subdivided into three phases i.e. pre-analytical step,
analytical step and post-analytical step.
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Figure 1: Total testing process startsand endswith patient

Pre-analytic Phase

This phase involves in the test request, patient
and specimen identification, blood drawing sample
collection, handling and the transportation of specimens
to the laboratory.*

Pre-analytic Errors

These include errors in specimen preparation
which involves al activities to render a sample suitable
for analysis. Log-in, centrifugation, aliquotting, pipetting,
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dilution, and sorting specimens into batches for their
introduction into automated analyzers are all included in
pre analytical errors. Most studies demonstrated that a
large percentage of laboratory errors occur in the pre and
post analytical phases, with fewer mistakes occurring in
analytical phasr—;2

Errors within the total testing process

Preanalytical Analytical Postanalytical
46-68 % 7-13 % 19-47 %

« Incorrect analysis ordered *Sample lost ~Test result lost
*Orderer of the test not marked *Sample mix up <Turnaround time
*Equipment failure ~Transcription error
*Analytical error “Incorrect interpretation

*Incorrect test request

«Test request lost

+Patient identification error
Patient preparation error
*Mislabelling of the test tube
*Sample collection error
*Incorrect handling of samples
“Transport error

Figure 2: Digtribution of errors within the total testing
process. Included are the examples of erorsin each step.

In the pre analytical phase, the important errors are
asfollows

a. Inappropriate Laboratory Test Requisition

Many studies indicate the importance of the pre-
pre-analytical phase. Misuse of laboratory services
through requesting inappropriate laboratory test is
under scrutiny worldwide because of its impact on
total costs, and the inherent increased risk of medical
errors and injury. The estimations of inappropriate
laboratory tests vary from 11% to 70% for genera
biochemistry and hematology tests, 5% to 95% for
urine screens and microbiology, and 17.4% to 55%
for cardiac enzymes and thyroid tests.®*

b. Incomplete Laboratory Request Forms

One important source of pre-anaytica error
is incorrect or incomplete information on the test
request or labels which have been found in more than
two thirds of all rejected samples in the laboratory.®
Several other studies confirm that test requests can
be a clinically important source of errors.® Paper -
based test requests are risky as they can be
incompletely filled, placed in the wrong
collection box, or simply be lost. Incomplete
laboratory requests forms are rarely rejected at the
service point and in many instances the reception
staff in the laboratory may not know the significance
of the missing data. Specific missing information
included the physician’s name, misidentification of
patient and requested tests.”

c. Wrong Patient Identification
Correct patient identification is the most
important task in all medical procedures, therefore,

efforts to ensure compliance with standardized
identification routines should be prioritized.

Mistakes in patient identification before
specimen collection is resg:)onsible for up to 25% of
al preanaytica errorss while, critica patient
identification errors occur in approximately 1 out of
1200 test requested’ Mistakes in patient
identification often occur during manual tasks which
can be avoided using electronic technologies like
barcodes, radiofrequency identification and
wristbands.1>! Wristbands have patient’s name and
identification number, and sometimes also have a
barcode. Studies have reported error rates of 0.3-
11% for identification wristbands mostly comprising
of missing or incomplete wristbands, and wrong
wristband on the patient.

Wrong Labeling of the Containers

Labeling of specimen containers should always
be done immediately before sample collection while,
labeling them after sample collection increases the
risk of the specimen collection from the wrong
patient. Mislabeling is responsible for 50% of all
identification errors.””

Potential Outcomes of Collection Errors

Proper sample collection is an important part of
good laboratory practice and improper collection can
lead to delaysin reporting, unnecessary re-draws/re-
tests, decreased customer satisfaction, increased
costs, incorrect diagnosis/ treatment, injury and
occasionally death.

Prescription practices: studies have shown the
importance of checking for specimen adequacy as a
critical factor in test result accuracy and usefulness.®
Samples that are missing, coagulated, hemolysed,
insufficient or wrong due to inappropriate specimen
collection and handling account for a large
percentage of pre-analytical mistakes.

i. Inadequate Volume
Insufficient volume is a major factor
leading to rejection of samples. The main
reason for this anomaly is the ignorance of
the phlebotomist, difficult sampling as in
pediatric patients, debilitated cases, those on
chemotherapy and those with difficult to
localize veins. Insufficient  sample
constituted the most frequent cause of test
rejection in a studX done in out patients

department (OPD)."

ii. Incorrect Phlebotomy Practices
Incorrect phlebotomy practices are aso
one of the man reason behind pre
analytical errors which occur due to lack of
knowledge or heavy workload. Ided
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phlebotomy practices should be adopted by
all health care workers.™>*°

iii. Lipemic Samples

Lipemic samples are often seen
following collection after heavy meas or
the due to pre existing metabolic disorder
(hyperlipoproteinemias). Some of these
errors can be avoided by collecting samples
after an overnight fast or by mentioning the
metabolic disorder in the requisition dlip.
Fat interferes with optical reading of the
instrument and can affect electrolyte values.

Too many lipemic samples are often
due to non-dissemination of information
regarding patient preparation by the
clinicians, non-compliance and/or
miscomprehension by the patient.’” It is the
responsibility of the clinicians and the
phlebotomists to ensure that proper patient
preparation is ingtituted before sample
collection.

iv. Hemolysis

Hemolysis of samples occur when
blood is forced through a fine needle,
shaking the tubes vigorously, and
centrifuqing the sample specimens before
clotting. 3 Hemolysis accounts for the
majority of rejections in specimen, received
in the laboratory. The introduction of
vacuum tubes along with the closed system
of blood collection has made blood
collection efficient and easy. But lack of
staff training engaged in phlebotomy is an
impediment  for  expediting sample
collection and transport. Red top
vacutainers without any anticoagulant
should not be shaken after the sample has
been collected, and vacutainers for plasma
should be gently inverted a few times so the
anticoagulant mixes with the blood.
Freezing and thawing of blood specimens
also causes massive hemolysis. A study
reported that over 95% of the hemolysed
samples were due to incorrect sampling
procedure or transportation.”® Hemolysis
leads to the extravasation of intracellular
contents into the plasma, leading to false
high values of potassium, aspartate amino
transferase (AST) and lactate
dehydrogenase (LDH).

f. Delayed Transport of Specimen
Transport delays to the laboratory can give
rise to clinically important errors if transport
conditions are not optimized.®

0. Errorsin Specimen Preparation
The specimen preparation steps contribute to
approximately 19% of the overal cost of analyzing a
single specimen and are time-consuming (37% of
time spent in producing result). Being infectious,
manual handling of samples are a well-recognized
hazard to |aboratory staff.

Possible consequences of few of the above
mentioned preanalytical errors are mentioned in the Table
below. Patient identification is probably the most
important task in sample collection and error in this
crucia step could have mild to life threatening
consequence. Therefore, efforts to ensure compliance
with standard identification procedures should be
prioritized. Similarly wrong container labeling could also
result in mild to sever life threatening consequence.

Table: Possible consequences of preanalytical errors and
their degree of seriousness.

St Preanalytical Possible Degree of
error consequence seriousness
1 Patient Sample collected Mildto Life
identification from thewrong threatening
patient
2 Test tube labeling Wrong patient’s Mildto Life
blood in the test tube threatening
3 Test request Incomplete or Mild to Severe
management erroneous test
4 Patient rest Increased or Mild to
decreased Moderate
concentration
of analysed
substances
5 Test tube No mixing of blood Noneto
inversion with additive Moderate
6 Vertical testtube  Incorrect coagulation Noneto Mild

storage of serum samples

2. Biological Variations and Pre-analytical Errors

Other important sources of pre-anaytical
error not related to human mistakes include
medications, which can cause errors through
analytica (in vitro) or biological (in vivo)
effects. Biological variation is the major source
of variation for certain analyses® It consists of
two partsi.e. intra-individual part (normal variation
of analyzed substance in each individual) or inter-
individual part (normal variation of the analyzed
substance between individuals). Other patient-related
physical variables such as stress, diet and exercise
can also affect test results®

3. Rejection of Samples

The laboratory should establish rejection criteria
and follow them closely. It is sometimes difficult to reject
a sample, but it must be remembered that a poor sample
will give poor results.
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Management should regularly review the
number of rejected samples and reasons for rejections by
conducting audit and training on sample collection, and
revising written procedures for sample management as
and when needed. Always record the reason for rejection
in the log book and include al pertinent information.
Promptly inform the authorized person that the sample is
unsuitable for testing and request for fresh sample. Retain
the rejected sample till decision is finalized and in some
circumstances it may be necessary to proceed with the
testing of asample that is not optimal.

To conclude, we as the laboratory workers need
to adopt a holistic approach towards laboratory diagnosis
and function in close coordination with the clinicians so
as to provide effective diagnostic services to the patients.
Adoption of quality control, not merely in the analytical
processes, and regular appraisal and audits, but in all
phases of diagnostic process is necessary to safeguard
patient interests and to deliver quality services.

References

1. Troobants AK, Goldschmidt H. Plebani M. M. Error
budget calculations in laboratory medicine: linking the
concepts of biological variation and allowable
medicaerrors. Clin Chim Acta 2003; 33:169-76.

2. Bonini P, Piebani M, Ceriotti F . 2002. Errorsin laboratory
medicine. ClinChem., 48(2):691-698.

3. Silverstein, MD. An approach to medical errors and patient
safety in laboratory services. In: A white paper. Atlanta:
The Quality Institute Meeting; 2003.

4. Kirchner MJ, Funes VA, Adzet CB. Quality indicators
and specifications for key processes in clinica
laboratories: a preliminary experience. Clin Chem Lab
Med 2007,45:672-7.

5. Adegoke OA, Idowu A, Jge O. Incomplete laboratory
request forms as a contributory factor to preanalytical
errors in a Nigerian teaching hospital. Afr J Biochem Res
20115: 82-5.

6. Kirchner MJ, Funes VA, Adzet CB. Qudity indicators
and specifications for key processes in clinical
laboratories: a preliminary experience. Clin Chem Lab
Med 200745:672-7.

7. Burnett L. Chesher D, Mudaliar Y. Improving the quality
of information on pathology request forms. Ann Clin
Biochem 2004;41:53-6.

10.

11

12.

13.

14.

15.

16.

17.

18.

10.

20.

21.

Vaenstein PN, Raab SS, Walsh MK. Identification errors
involving clinical laboratories: a College of American
Pathologists Q-Probes study of patient and specimen
identification errors at 120 institutions. Arch Pathol
Lab Med 2006; 130:1106-13.

Wiwanitkit V. Types and frequency of preanalytical
mistakes in the first Thai 1SO 9002:1994 certified
clinical laboratory, a 6 - month monitoring. BMC Clin
Pathol 2001;122:5-8.

Dzik WH. New technology for transfusion safety. Br J
Haematol 2007; 36:181-90.

Lau FY, Wong R Chui CH. Improvement in transfusion
safety using a specially  designed transfusion wristband.
Transfus Med 2000; 10:121-4.

CarraroP. Hemolyzed specimens. A reason for rejection
or aclinical chalenge? Clin Chem 2000; 46: 306-7.

Lippi G, Bassi A, Brocco G. Preanalytic error tracking in
a laboratory medicine department: results of a 1-year
experience. Clin Chem 2006; 52:1442-4.

Hollensead SC, Lockwood W, Elin R. Errors in pathology
and laboratory medicine: consequences and prevention. J
Surg Oncol2004; 8: 161-71.

Fider JR.Task analysis revisited: Refining the
phlebotomy technician scope of practice and assessing
longitudinal change in competencies Eval Heath Prof
2007; 30:150-69.

Lippi G, Blanckaert N, Bonini P. Causes, consequences,
detection and prevention of identification errors in
laboratory diagnostics Clin Chem Lab Med 2009; 47:143—
53.

Dzik WH, Murphy M, Andreu G. An international study
on the performance of samople collection from patients. J
Surg Oncol 2003; 8: 40-7.

Jay DW, Provasek D. Characterization and mathematical
correction of hemolysis interference in selected Hitachi
717 assays Clin Chem1993; 39:1804-10.

Astion ML, Shojania KG,Hamill TR. Classifying
laboratory incident reports to identify problems that
jeopardize patient safety. Am J Clin Pathol2003; 120:18-
26.

Kouri T, Siloaho M, Pohjavaara S. Pre-analytical factors
and measurement uncertainty. Scand J Clin Lab Invest
2005; 65:463-75.

Blomback M, Konkle BA, J  Manco-Johnson.
Preanalytical conditions that affect coagulation testing,
including hormonal status and therapy. J Thromb Haemost
2009; 39:255-71.

Pakistan Journal of Medical Research, 2012 (January - March) 30



