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ABSTRACT

Objective: To determine the frequency of Pre-analytical errors in sample collected for coagulation profile.

Material and Methods: This descriptive cross-sectional study was conducted at Department of Pathology,
Combined Military Hospital Multan Cantt from 14" Oct 2019 to 31st March 2020. We have collected the samples for
coagulation profile from Main ITC, CCU, Surgical ITC, Pediatrics, Medical and Gynecology wards and divided these
samples into four categories (Cat); Cat 1: Properly filled, Cat 2: Overfilled, Cat 3: Under Filled and Cat 4: Clotted.
Data was entered in Microsoft excel for compilation.

Results: Age range was from 1 to 83 years, mean age of 57.4 + 7.3 years. Among them, 3881 (49.1%) were male
and 4026 (50.9%) were females. Out of (7907) samples 6656 samples were properly filled, (927) were over filled,
(230) samples was under filled and 94 samples was clotted. In Cat 2, 276 cases (30%), in Cat 3, 36.5% samples
showed abnormal results.

Conclusion: Frequency of Pre-analytical variables in sample collected for coagulation profile is quite high.
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INTRODUCTION

Since the start of coagulation profiles,
struggles have been made to automate/ standardize
them to provide accurate test results for effective
patient management in a timely fashion [1]. Pre-
analytical issues concerning routine coagulation tests
can be classified into 3 major categories: (1)
collection of specimens (2) transportation and (3)
processing and storage of specimen [2]. Among
these classes there are numerous variables, which
may have impacts on final result, thus may affect
patient management. Protocols for testing &
procedures in clinical Laboratory (Lab) specifically in
coagulation lab have been developed in order to
improve accuracy and precision [3]. Clinical
Laboratory Standards Institute (CLSI) has observed a
deficiency of standardization among clinical
laboratories, with respect to specimen/ sample
collection, its storage and processing for coagulation
testing [4]. As a result of this non-conformances can
arise which are based on pre-analytical errors and
may be associated with frightening consequences
which have been studied in detail by Gosselin RC et
al [5]. Appropriately trained staff in phlebotomy
ensures proper sample collection resulting in better
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quality of lab results as demonstrated by Stegnar M
et al [6]. Similarly, there are numerous types of
sample collection tubes in market, in which despite
similarities of citrate concentration, there are
significant differences affecting result. For example,
differences in coagulation profile results using
different collection tube manufacturers with the same
citrate concentration have been reported by Lima-
Oliveira G et al [7,8].

Sodium citrate (3.2%) is widely used as
anticoagulant in coagulation profile. Fill volume of
these sample tubes containing sodium citrate and
volume of patients plasma is of great concern in
coagulation studies. If volume is less or hematocrit
(HCT) is significantly elevated (>55%), excess
sodium citrate in the sample would potentially inhibit
clot formation in test leading to errors [9]. Present-day
recommendations dictate that fraction of blood to
anticoagulant volume should be 9:1 [10,11,12].
Samples with high HCT (>55%, like in severe
dehydration, neonates, burn patients & patients of
polycythemia vera etc) may lead to factitiously
increased clotting times due to presence of excess
citrate in the sample [13]. To address this issue of
HCT, Labs may use vacuum tubes with a lesser
volume of anticoagulant; for example, by using small
gauged needle and removing 20% volume of
anticoagulant (without eliminating the vacuum) [13].
In this regard Naz S et al have established that Lab
workers should adopt a comprehensive approach in

Pak J Pathol. 2020; Vol. 31 (4): 118-121.

118




Pre-analytical errors in samples collected for coagulation profile

close coordination with clinicians so as to provide
high quality diagnostic services for effective patient
management [14].

In view of above, numerous procedural
issues, shortcuts/ variations in phlebotomy and
implications of inaccurate results, present study was
planned to evaluate the frequency of pre-analytical
errors in samples collected for coagulation profile.

MATERIAL AND METHODS

A Descriptive, Cross-sectional study was
carried out in Department of Pathology, CMH Multan
with effect from 14th October 2019 to 31st Mar 2020.
Non-probability convenient sampling technique was
used for patient selection irrespective of age and
genders. We have collected the samples for
coagulation profile from Main ITC, CCU, surgical ITC,
Pediatrics, Medical and Gynecology wards and
divided the samples into four categories; Cat 1.
Properly filled, Cat 2: Overfilled, Cat 3: Under Filled
and Cat 4: Clotted. A hand on training workshop was
conducted by a team of Pathologists for 3 days
regarding sample collection to nurses, nursing
assistants & phlebotomists. Data was entered in
Microsoft Excel for compilation. Frequency &
percentage was recoded for sample categories.
Mean & SD was calculated for age.

DATA COLLECTION PROCEDURE:

A total of 7907 patients samples for
coagulation profile reporting to Department of
Pathology in CMH Multan were included in the study
after obtaining approval from hospital Ethical
Committee. Both outdoor & indoor patients from Main
ITC, CCU, Surgical ITC, Pediatrics, Medical and
Gynecology wards were included in study. PT tubes
with a pre-labelled mark requiring 1.8 ml venous
blood in Trisodium citrate tube (200ul) were used for
collection of blood and gently mixed at the point of
sample collection. Samples from children below 2
years were collected in pediatric tubes. All samples
were inspected before analysis for categorization.
Samples were centrifuged for at least 15 minutes at
2200-2500 RPM within one hour of sample collection.
Coagulation profile including PT, APTT, D-Dimers &
Fibrinogen was carried out on these samples

RESULTS
Age range was from 1 to 83 years, mean age

of 57.4 £ 7.3 years. Among them, 3881 (49.1%) were
male and 4026 (50.9%) were females. Samples for
coagulation profile ware categorized as; Cat 1: 6656,
Cat 2:927, Cat 3:230 and Cat 4 were 94. Out of 7907
samples, 6656 samples were in Cat 1, 927 in Cat 2,

230 in Cat 3 and 94 samples were in Cat 4. In Cat 2,
276 cases (30%) and in Cat 3, 36.5% samples
showed abnormal results. Total tests performed on
these samples are shown in Figurel& 2.
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Figure-1: Coagulation profile of samples received in
laboratory (n= 7907).
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Figure-2: Category wise number of samples received in
Lab (n=7907).

DISCUSSION

Evidence Based Lab Medicine Practice
emphasizes that labs must always practice the
strictest rules, including those from reagent
procurement to collect/ prepare specimens & to
standardize testing/ reporting results to improve
quality of patient results. As recent advances in
science and technology have revolutionized Lab
procedures from manual, cumbersome tests to fully
automated techniques, ensuring accuracy and speed,
therefore diagnosis is heavily dependent upon
reliable Lab data, so it is pertinent to emphasize
reliability of the results released by clinical labs [15].
In this regard concept of Total Quality Management
in Labs (TQM) incorporates all the steps involved in
specimen obtaining/ processing, to the final
interpretation of results by the clinicians to reduce the
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errors/ concerns that may arise during these
procedures [16]. Promotion of standardized
phlebotomy practices are a pre-requisite for the
effective laboratory functioning and finalization of
results. Keeping in view the importance of pre-
analytical issues, a hands-on training workshop was
conducted by a team of Pathologist for 3 days
regarding sample collection & transportation to
nurses, nursing assistants & phlebotomists at this
Hospital [17,18].

Favaloro EJ et al have described that Pre-
analytical errors in coagulation profile testing were an
important basis of mistake and could lead to adverse
clinical events. However, the burden of lab errors in
their study was modest (i.e., 1 in every 900-2074
patients or every 214-8316 Lab results). Accordingly
they concluded that different remedies might support
error identification and their categorization including a
focused ongoing training of staff regarding types &
sources of errors, evaluation of sample quality (i.e.
volume, blood to anticoagulant ratio & presence of
potential interferents), and the logical recording of
doubtful results along with availability of relevant
clinical evidence [19]. Similarly, Gosselin RC et al
pronounced that these errors may be connected with
the patient themselves, specimen collection,
specimen transportation and specimen processing.
Failure to address these pre-analytical variables may
result in misappropriation and patient
mismanagement [5].

Results of present study show that 1251
(15.8%) samples were overfilled, underfilled or
clotted which shows a casual approach towards
sample collection. This study was conducted on
coagulation profile as it is generally required in
critically ill cases or before surgery; results can be
misleading on one hand and can misguide clinician in
management of patients on other hand as highlighted
by Gosselin RC et al [5]. Similarly, other researchers
have concluded that incongruous Lab tests range
from 11- 70% for clinical chemistry & haematology, 5-
95% for clinical pathology & microbiology and 17-
55% for Immunoassays which are in also accordance
with present study [20,21].

In present study out of 7907 samples, 11.7%
were overfilled, 2.9% were underfilled and 1.2%
samples were clotted. In Cat 2, 276 cases (30%) and
in Cat 3, 80 cases (36.5) % samples showed
abnormal results which were definitely not accurate
as dilutional error would have contributed to final
results which has been highlighted by earlier studies
[7-12]. These findings are in accordance with Bonini
P et al who have described the importance of the pre-
analytical segment and concluded that misuse of Lab

services by requesting inappropriate Lab test had an
impact on total costs of patient management, and
increased risk of medical errors and outcome of
patients [22].

In present study 94 samples were clotted/
hemolysed which reflects improper collection/
handling of sample as studied by Hollensead SC et al
who have highlighted that insufficient volume was a
major cause of rejection of samples in Lab in their
study. The main reasons for the discrepancy were;
inexperience of the phlebotomist, problematic
sampling in certain group of patients as in pediatrics/
neonate patients, debilitated patients, those on
chemotherapy and those in whom veins localization
was difficult for example morbidly obese patients.
They concluded that insufficient quantity of sample
was the most frequent reason of rejection which is in
accordance with present study too [23]. It has been
advocated that samples must be mixed gently by 3 -
6 times by end-over-end tube overturns to ensure
adequate mixing of anticoagulant with sample and
prevention of clotting/ hemolysis. Insufficient mixing
has a bigger effect on coagulation profile performed
later than on basic coagulation tests performed
sooner after collection. Conversely too hard mixing
can lead to in-vitro hemolysis or counterfeit factor
activation resulting in falsely low clotting time and
even possible false rise of clotting factor activity (e.g.
Factor VII) [24]. Similarly, British Committee for
Standards in Haematology (BCSH) has
recommended manual mixing of sodium citrate
containing sample tubes (gently mixing end-over-end
the tube 5 to 6 times) to prevent clotting/ hemolysis
[10]. At the same time transportation/ handling of
blood specimens for coagulation profile includes a
critical set of pre-analytic variables which can have a
dramatic influence on results, which in turn can have
serious concerns for patients [20]. Additionally,
advances in laboratory instrumentation/ techniques
have improved the quality, reproducibility and
sensitivity of the analytical phase, which emphasizes
need of sample reliability and other factors in pre-
analytical phase to reduce lab errors [25].

CONCLUSION

The frequency of pre-analytical errors in
sample collected for coagulation profile is quite high
which affects final result of patient.

RECOMMENDATIONS

Continuous training of staff involved in
sample collection of samples for laboratory analysis
is recommended to ensure accurate and precise
results.
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