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Abstract

Background and Aims: The precision of biological examination results
hinges on meticulous preparatory measures before analysis, known as the
pre-analytical phase. This phase contributes significantly to error rates
(48-68%). Our study assessed the pre-analytical phase in seven hospital
departments at Mohammed VI University Hospital. The objective was to
address key causes of pre-analytical nonconformities.

Materials and Methods: During this investigation, we observed 331
samples from various departments: Central Laboratory, Nephrology,
Internal Medicine, Visceral Surgery, Emergency Specialties, Paediatrics,
and Neonatology. Our evaluation identified 4945 instances of pre-
analytical nonconformities. These cases encompassed issues with the
prescription sheet (501), patient preparation (848), equipment preparation
(295), sampling process (1957), waste management (323), and sample
transfer (422).

Results: Our analysis highlighted a multitude of pre-analytical
nonconformities within the surveyed hospital departments. These
discrepancies illuminated the critical areas where corrective and
preventive measures were imperative to adhere to the standards set by the
International Standard ISO15189 and to optimize patient care.

Conclusions: The findings from this study underscore the paramount
importance of the pre-analytical phase in ensuring accurate biological
examination results. By implementing a series of targeted actions in the
concerned hospital departments, we addressed the identified
nonconformities. These actions encompassed ongoing education, staff
awareness and support, regular audits, provision of technical resources
such as manuals and sample catalogues, as well as the utilization of
appropriate equipment for sample collection and transportation.
Continuous learning remains essential, encompassing proper sampling
techniques, packaging and transportation requisites, as well as procedures
for identifying and rectifying biological sample nonconformities.
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INTRODUCTION

Medical biology, a complex
multidisciplinary field, generates clinically and
public health-relevant test results. Given its
significance, ensuring high-quality laboratory
tests is paramount for optimal patient care.
Quality in this context refers to meeting both
stated and implied user needs. In medical
biology, quality translates to the precision and
reliability of test outcomes [1]. Reliable
biological examination results hinge not only
on technically sound analysis but also on
proper preparation prior to analysis. This
essential process is termed the preanalytical
phase. Our study concentrates on this phase,
which is divided into two stages: one external
to the laboratory and the other within it.
External preanalytical phase includes steps
outside the laboratory: prescription, collection,
identification, preservation, transportation
beyond the medical laboratory technologist
control. Studies reveal preanalytical error rates
of 48% to 68% [2], with over two-thirds linked
to the external phase [3]. The medical
laboratory technologist is responsible for the
entire process, including sample conditions,
transportation, and rejecting unsuitable
samples [4].

Due to the significance and direct impact
of the preanalytical phase on laboratory
results, we have chosen to conduct a study
within the Mohammed Sixth University
Medical Hospital in Morocco. The objectives
of this study are as follows:

eTo describe the process of the
preanalytical phase in six hospital
departments and the central laboratory.

e To identify the causes and origins of the
nonconformities;

eTo implement an improvement plan
including corrective and preventive
actions to address preanalytical errors and
nonconformities.
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An error is a deviation from the intended
or specified behavior. It represents a mistake
or flaw in a process, system, or product that
may lead to undesired outcomes. Errors can
occur due to various reasons, including
human factors, system malfunctions, or
external influences.

Nonconformity refers to a deviation from
established standards, specifications, or
requirements. It indicates a situation where a
process, product, or system does not meet the
defined criteria or does not conform to the
expected norms. Nonconformities can
encompass errors but also extend to
situations where certain requirements are not
met without necessarily implying a mistake.

MATERIALS AND METHODS

This is a prospective, descriptive,
observational, and quantitative study
conducted in the central medical biology
laboratory, nephrology, internal medicine,
visceral surgery, pediatrics, neonatology, and
adult emergency departments. The study
involved  substantial  qualitative  and
quantitative sample collection to enhance
anomaly detection. Collaboration with these
departments aimed to improve preanalytical
phase quality for better patient care.
Observations occurred in the mornings across
departments due to high sample volume. The
study lasted 4 months, from February 23,
2023 to June 28, 2023 with two stages: eight
weeks of departmental observations and two
months of central laboratory data analysis.

e Inclusion criteria:

This study targets the observation of
samples collected by any specimen collector
working in the aforementioned services.

¢ Exclusion criteria:

- Collectors unwilling to have us present

during the sampling (a few cases);

- Patients who declined to undergo
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sampling;
- Catheter-based sampling.
The data collection started with

permissions from directors of inpatient
services. Clearances were also secured from
supervisors and collectors to observe all
relevant study services. A comprehensive
form by medical biology staff detailed the
preanalytical phase steps and was carefully
completed. Triage area visits noted sample
acceptance, times, and assigned codes for
forms. Incomplete forms were removed
before data work in EXCEL 2013. Results
were presented as tables and histograms.

RESULTS

In the study, 331 samples were observed:
thirty-one from outpatients at the central
medical biology laboratory; sixty seven from
Adult Department patients; thirty nine from
Nephrology patients; eighty two from

Internal Medicine patients; thirty five from
Visceral Surgery patients; thirty nine from
Pediatrics patients and 38 from Neonatology
patients. Of the 331 patients, 176 (53%) were
female and 155 (47%) were male.

In our study, out of 331 sampled patients,
thirty-eight (11%) were newborns; thirteen
(4%) were infants; thirty-one (9%) were
children; 145 (44%) were adults; and 104
(31%) were elderly individuals. During the
study, we found 4,945 cases of preanalytical
nonconformities. These were distributed as
follows: central laboratory (214 cases, 4%);
neonatology (460 cases, 9%); visceral
surgery (548 cases, 11%); pediatrics (581
cases, 12%); nephrology (611 cases, 12%);
specialty emergency (1,225 cases, 25%); and
internal medicine (1,306 cases, 26%). Table
1 below presents the completed form with the
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Figure 1. Global representation of preanalytical NC collected within the central laboratory
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Nephrologhy non conformities
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Figure 2. Global representation of preanalytical NC collected within the Nephrology
Department

Internal Medicine non conformities
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Figure 3. Global representation of preanalytical NC collected within the Internal Medicine
Department
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Visceral Surgery non conformities
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Figure 4. Global representation of preanalytical NC collected within the Visceral Surgery
Department
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Figure 5. Global representation of preanalytical NC collected within the Paediatrics
Department
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Neonatology non conformities
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Figure 6. Global representation of preanalytical NC collected within the Neonatology
Department

Adult Emergency non conformities
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Figure 7. Global representation of preanalytical NC collected within the Adult Emergency
Department.
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Table 1. Overall results of nonconformities at the evaluated services level

L;ii)rlgtilry Em:’:l;:cies Nephrology '\I/In:g :giL\S/LiZeers PediatricsNeonatology|Total
Identification of patients 0% 0% 0% 0% 0% 0% 0% 0%
Prescription verification 0% 0% 0% 0% 0% 0% 0% 0%
Prescription | Identification / I?rescriber's Stamp 0% 0% 0% 0% 0% 0% 0% 0%
Sheet and Signature
Sampler's Identification 100% 100% 100% 100% | 100% | 100% 100%  [100%)|
Sampling Time 100% 100% 100% 100% | 100% | 100% 100%  [100%
Clinical Information 0% 84% 28% 40% 51% 82% 53% 51%
Patient Information 19% 93% 64% 82% 74% 31% _ 68%
Patient Consent 0% 0% 0% 0% 0% 0% _ 0%
Patient | coung Period Before Conducting | ¢, 100% 69% | 55% | 77% | 87% o |75%
Preparation the Sampl!ng -
Identity Verification 0% 0% 67% 57% 46% 41% _ 36%
Fasting Duration Verification 58% 99% 41% 55% | 37% 38% _ 59%
Medication Intake Verification 61% 99% 36% 41% 31% 23% _ 52%
Material Prep Preparation of Equipment 0% 0% 0% 0% 0% 0% 0% 0%
Expiry Date Check on the Tube 100% 100% 85% 87% 80% 79% 89% 89%
Hand Washing/Gloving 29% 94% 41% 28% | 74% 28% 45% 50%
Choice of Ve'g)'f;:rcmre Siteand | g, 13% 21% | 13% | 20% | 13% 21%  [15%
Use of Tourniquet 0% 90% 69% 87% 69% 7% 82% 73%
Tourniquet Placement Distance 0% 9% 13% 11% 77% 5% _ 17%
Site Disinfection 0% 96% 33% 0% 9% 10% 0% 25%
Drying Time 0% 96% 33% 0% 9% 10% 34% 29%
. Puncture Device 0% 100% 100% 71% 37% 100% 100% 7%
sampling Order of Collection 10% 69% 4% | 0% | 71% | 46% 45% _ |59%
Procedure - - -
Correlation between Biological
Tests and Recommended Tube 0% 0% 5% 4% 3% 3% 0% 2%
Types
Tube Fill Level 0% 0% 3% 37% 20% 18% 18% 16%
Tourniguet Application Duration 10% 81% 7% 99% 74% 85% 74% 77%
Sampling Duration 0% 15% 10% 21% 3% 13% 18% 13%
Tube Identification 0% 0% 69% 90% | 54% 62% 16% 45%
Homogenization 71% 94% 79% 82% 94% 2% 100% 85%
Tube Placement 0% 100% 100% 100% | 100% | 100% 100% 91%
Container Availability 0% 0% 0% 0% 0% 0% 0% 0%
Waste Needle Disposal 68% 78% 90% 89% | 97% 90% 95% 86%
Hygiene and Safety Conditions 3% 12% 21% 13% 3% 8% 13% 11%
Packaging 0% 79% 2% 55% 66% 82% 47% 60%
Transfer Transport of Samples 0% 9% 0% 35% 20% 8% 16% 15%
Transport Temperature 0% 0% 0% 0% 0% 0% 0% 0%
Turnaround Time to Laboratory 0% 22% 67% 2% 69% 79% 45% 52%
The work practices within the central dynamic nature of patient care, sampling

laboratory diverge notably from those in
various  other  hospital  departments,
particularly in the execution of the sampling
process. While a shared commitment to
precision and patient care underpins both
settings, unique factors characterize the
methodologies employed.

The hospital departments outside the
central laboratory exhibit a more diverse
spectrum of work practices. Due to the
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procedures may vary based on clinical
urgency, patient condition, and the
department's primary focus. In these settings,
the emphasis often lies in swift response and
immediate patient needs. This can lead to
variations in sample collection techniques
and processes, impacting the preanalytical
phase.

Finally, we have noticed that the central
laboratory relies on venipuncture for
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sampling, ensuring accuracy and consistency.
In contrast, hospital departments use
syringes, introducing variability that could
affect result quality. Different methods
impact the outcome reliability.

DISCUSSION

Nonconformities related to prescription
forms:

Note that at the University Medical
Centre, the prescription of biological tests is
connected. The physician must complete all
fields for validation. Yet, crucial fields for
interpreting and validating results were
absent, including sampler identity and
sampling time in all requests (100%). These
observations were documented and shared
with relevant departments, along with the
service provider, as part of ongoing
improvement and maintenance of the hospital
information system. The advantage of the
connected prescription is the ability to reprint
the examination request at any time. Indeed,
it ensures accurate prescription of medical
biology  tests, excellent traceability
throughout the process, and formalizes the
relationship between the laboratory and
clinicians [5]. This significant issue cannot
be ignored. It could lead to result errors and
wasted reagents. Context matters for precise
test interpretation, improving reliability and
speed. Verification against potential factors
enhances result quality [6].

Nonconformities  related to
preparation:

Patient information is a recognized right,
reshaping the patient-physician relationship.
Clear, honest, and tailored details enable
informed consent for medical care [7]. No
sampling is performed without the patient’s
free and informed consent. With elderly
individuals, affirmative responses are
common, making it vital for the sampler to

patient
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actively confirm the patient's identity. Using
an active question such as "What is your
name?" instead of a passive one like "Are you
Mr X?" prevents identity confusion. As per
EFLM-COLABIOCLI [8] a 15-minute rest
before sampling is advised. Body position
changes, such as lying down to standing,
impact parameter concentrations. Our study's
contradiction may stem from sampler
shortage and insufficient awareness among
personnel about the necessity of rest and its
impact on tests. Except for blood glucose,
samplers often overlook the importance of
fasting. Yet, many parameters, not just
glucose, can change post-meal and with
meal-to-sampling interval. Parameters such
as  Triglycerides; Cholesterol; Lactate
dehydrogenase; Low-density lipoprotein;
Phosphorus and Apo lipoproteins need a 12-
hour fast. High-fat diets causing milky
serum/plasma can disrupt analysis too.

Nonconformities related to equipment
preparation:

Vacuum blood collection tubes that have
exceeded their expiration date may have
reduced vacuum, which can lead to drawing
a blood volume lower than expected and
result in an incorrect blood-to-additive ratio.
Additionally, tubes with expired expiration
dates can exhibit chemical deterioration of
the additive [9]. All samplers had previously
prepared the necessary equipment for the
collection.

Nonconformities related to the collection
procedure:

As per the World Health Organization
(WHO), healthcare workers should use a mix
of 2% Chlorhexidine gluconate and 70%
isopropyl alcohol. This should be applied
over the entire skin for 30 seconds.
Alternatively, they can use 70% alcohol for
30 seconds followed by Povidone
lodine/Chlorhexidine. Hand sanitizers are
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WHQO's preferred method for routine hand
antisepsis before and after sampling [10].
Gloves should be changed between patients,
blood contact, and contaminated sites [10].
Selecting the right vein and insertion site is
vital to quality, patient comfort, avoiding
injuries, and achieving success in blood
collection. Failed venipuncture can lead to
severe injuries [9].

Gloves used as tourniquets do not notably
affect collection quality, aligning with
traditional tourniquet criteria. Placed about a
hand's width (7.5 cm) above the site, it should
halt venous but not arterial flow [9]. For
under 1 minute, tourniquet impact is minor
[3]. Beyond that, certain analytes
concentrations rise due to fluid leakage and
small molecules. Muscle contraction during
tourniquet use also elevates potassium levels
[8, 11].

The vacutainer system is currently
recommended by all quality standards in
clinical laboratory practice due to its
numerous advantages, including direct tube
filling, control of the blood quantity drawn
based on the vacuum in the tube, prevention
of hemolysis, and adherence to aseptic
measures [12, 13].

As per World Health Organization (WHO)
guidance, the order for filling collection tubes
is citrate, serum, heparin, EDTA, and finally,
sodium fluoride and potassium oxalate tubes
[3]. Correct order prevents additive
contamination between tubes [14]. Sample
identification by the sampler at the patient's
bedside prevents identity errors [14].
Inadequate = mixing  causes  uneven
anticoagulant distribution, forming clots.
Overly vigorous shaking can cause hemolysis
[15].

Nonconformities
management:

During the study period, we observed that

related to  waste
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nearly 11% of prescription sheets and/or
tubes were contaminated with blood:
Nephrology (21%); Internal Medicine and
Neonatology (13%); Adult Emergency
(12%); Paediatrics (8%) and Central
Laboratory and Visceral Surgery (3%). The
disposal container was always available. 86%
of the sample collectors recapped the needles
before discarding: Visceral Surgery (97%);
Neonatology (95%); Nephrology and
Paediatrics (90%); Internal Medicine (89%);
Adult Emergency (78%) and the Central
Laboratory (68%). This contradicts the
standard precautions of the blood exposure
accident  prevention  organization in
healthcare facilities (GERES) [16].

Our recommendations for corrective and
preventive actions:

e Implement a systematic approach to
record and classify nonconformities within
the organization. Establish a centralized
system for documentation, including date;
time; location; personnel involved and
detailed descriptions. Introduce a
classification  system to  categorize
nonconformities, enabling a  clear
understanding of their nature. This
systematic recording and classification
process provide a foundation for effective
analysis and management, facilitating
corrective and preventive actions to address
issues promptly and contribute to continuous
improvement.

e Train designated quality focal points
to effectively communicate and instil
awareness of the standard's requirements
among staff. The training should encompass
key elements of the standard; emphasize
individual roles in compliance; equip focal
points with strong communication skills;
implement a feedback mechanism for
ongoing support and clarification, fostering a
culture of continuous improvement and
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ensuring a cohesive, compliant work
environment; establish a quality unit and
appoint a quality manager whose role is to
oversee the quality of the preanalytical phase
of biological tests.

e  Conduct systematic internal audits to
evaluate 1SO 15189 compliance. Trained

auditors to assess procedures,
documentation, and practices regularly,
identifying areas  for  improvement.

Implement corrective actions to ensure
ongoing adherence, fostering a culture of

quality within the medical laboratory
operations.
e Ensure healthcare  units are

adequately supplied with the necessary
collection and transportation materials to
enhance patient care. This involves providing
sufficient resources such as specimen
collection Kits, transportation containers, and
related materials. By ensuring these supplies
are readily available, healthcare units can
streamline  their  processes, improve
efficiency, and maintain high standards of
patient care. This proactive approach

REFERENCES

1. World Health Organization. Laboratory quality
management system: handbook. World Health
Organization, 2013.

2. Carraro P, Plebani M. Errors in a Stat Laboratory:
Types and Frequencies 10 years later Clinical
Chemistry 2007, 53(7): 1338-1342.

3. Lippi G., Bassi A., Brocco G., Montagnana M.,
Salvagno GL., Guidi GC. Preanalytic Error
Tracking in a Laboratory Medicine Department:
Results of a 1-Year Experience. Guidi. Clin.
Chem., Jul 2006 ; 52: 1442 — 1443.

4. Gaillard O, Mantet-Gay J, Davy C, Houdray M H,
Akli J. Gestion des non conformités pre-
analytiques au laboratoire. Spectra Biologie 2000;
112: 19-24.

483

contributes to the overall effectiveness and
smooth functioning of healthcare services.

Establish a comprehensive manual for
validated biological sample collections,
approved by the laboratory's chief physician,
and regularly update a list of available
laboratory tests. This manual serves as a
standardized guide for the collection of
biological samples, ensuring accuracy and
consistency in procedures. Simultaneously,
maintaining an up-to-date list of laboratory
tests  enhances = communication  and
accessibility for healthcare professionals.
Regular updates to these resources ensure
that the latest protocols and test offerings are
readily available, promoting efficiency and
adherence to quality standards within the
laboratory setting.

Acknowledgments: We would like to
express our sincere appreciation to the co-
authors of this paper, whose collaborative
efforts and expertise have been instrumental
in the completion of this research project.

5. World Health Organization. Screening donated
blood for transfusion-transmissible infections:
recommendations. World Health Organization,
2010.

6. CHALLINE, D., FLOURIE, F., PFEFFER, J., et
al. Guidelines for medical prescription of medical
laboratory tests. In: Annales de Biologie Clinique.
2010. p. 23-41.

7. Siest G, Henny J, Schiele F. Références en biologie
clinique. Elsevier, ed. Collection Option Bio, Paris
1990 :679p.

8. EFLM-COLABIOCLLI. Recommandations
relatives au prélevement sanguin veineux Ann Biol
Clin 2019 ; 77 (2) : 131-54.

9. POULET, Nadine. Information du patient et
consentement éclairé en matiére médicale.



Evaluation of the Preanalytical in Medical Specialties

Rahhab et al.

Trayectorias Humanas Trascontinentales,
Limoges, 2018, no 4.

10. Safety, WHO Patient, and World Health
Organization. WHO guidelines on hand hygiene in
health care. No. WHO/IER/PSP/2009/01. World
Heath Organisation, 2009.

11. Lippi G, Salvagno GL, Montagnana M, Guidi GC.
Short-term  venous stasis influences routine
coagulation testing. Blood Coagul Fibrinolysis.
2005 Sep ; 16(6) :453-8.

12. Lippi G, Salvagno GL, Montagnana M, Brocco G,
Guidi GC. Influence of short-term venous stasis on
clinical chemistry testing. Clin Chem Lab Med.
2005 ; 43(8) :869-75.

13.Berg JE, Ahee P, Berg JD. Variation in
phlebotomy techniques in emergy medecine and
the incidence of heamolysed samples. Ann Clin

484

Biochem 2011 ; 48(Pt6) : 562-5.

14. Sung YH, Hwang MS, Lee JH, Park HD, Ryu KH,
Cho MS, et al. Comparison of the rates of
hemolysis and repeated blood sampling using
syringe needles versus vacuum tube needles in the
emergency department. J Korean Acad Nurs. 2012
Jun ; 42(3) :443- 51.

15.WORLD HEALTH ORGANIZATION,
WHO guidelines on drawing blood: best practices
in phlebotomy. World Health Organization, 2010.

16. Cazenille E, Cynober DL. Dysfonctionnements et

et al.

non conformités au cours de la phase pré-
analytique au laboratoire de biochimie. Theése de
pharmacie. Faculté des sciences pharmaceutiques
et biologiques. Université Paris V- Rene Descartes
2005 : 98p.



Evaluation of the Preanalytical in Medical Specialties

Rahhab et al.

dalag Al lawdilly (SN aleg cgpidall qall b ALl dajall Jalds aks
hu BNl s cilbidiue aludly o Aalal) ially (JULY) aleg (dalal) plac)

uﬁ\f@hwhﬁffﬁhgw\d:\ﬁwsmm

3:241"5 sl. ) ¢ J‘IJ,t I” :" 3 ‘3‘2:1%'“‘) LL“/‘

ueilal)

Al U8 32l Lpeiaatl) il lo adiad oaglonll Gandl) @il A8y cilally 4aall)
—48) eladl) NV aea (8 € (<o Alayal) 038 pgasd - Jlail] Bl Ayl A peall ¢ Jubailly
ol dene dnals e plodl dases 3 Jlaill GG Ayl iy Walys culi (%68
alaill Bal) Ayl 8 JY) e Bpetl L) e il a0 Glld e Cangll 1S

(@Sal) i) 1oLl Cilite (ge Aue 331 Aalye Liad cclatial) 3o Dla da)al) dagia
sy (JUlY) pleg a5l claadilly cdalall eliacY) daliag ¢ Aalall Cdally ¢ M e
o3 cileds L ylaill Al Ayl 3 JEY) axe e Alla 4945 yaaty Wlegis a5V
((295) 5y yrian3 ¢(848) appal) yriand (501) Aulal Abagl 485 3 (SLie Y

(422)dnal) Jig (323) ol 550 ¢(1957) Al o 380 dilee

aladl Jals Jalaill Bl Alsyall 8 JleY) pre SV e el agag liblas il il
Cleha¥) cilS G dapall cV el e pouall ClUAY) oda il L lgand 2 Al ekl
Ll Al Aol gal) 8 Badinal) mlaally oD Ay puim Al g doman il

Jseanll Glaca b Galidatll Jal) dlsjall (gpemd dual o dabpal) sda miln S5 cclaliingy)
Al ALaYl 8 diagiad) el e Aludes 2 (DIA (e A28 alon pand 2 e
aedg due gy ¢ paicaall adatl) ClelaY) sds Ciled 5aamall diladll ade ga Jaladll 5 cdiadl)
Gl alasinly ccliml) Slagli€y SV Jie 4wl 3lgal) gy cdysall Cladally cplalall
Ciliall e 3391 i Yoado Gl Dol paidd) aletll Qs lisall Jiig gend Lialie
Ciliall b dillad) ade maaaiy aad Clehal Gl (Jally Al il (sl

Lasloll

35l 5l il axe ¢ adioaall aludl ¢ miall Loy cubilazl) Jall Alsjal) (AN el

485

Gl A (JV) dene daals !
Crall (Bang ez\jé:ualb

c_l)a.‘d\ ¢Bang c@i.d‘ :\A.A.ajb

b 9 (Jr— ida add comaledd)
.L_U:u.]\ ¢Bang “-_5):‘)“‘5\

Received August 30, 2023

Accepted: December 6,
2023

DOI:

https://doi.org/10.35516/]
mj.v58i4.1683




