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Abstract:

Background: A number of blood tests, including prothrombin time (PT), are frequently used in clinical settings to
evaluate patients' coagulation status. Sodium citrate as anticoagulant ensures accurate measurements of clotting
tests, such as prothrombin time (PT), while ethylenediaminetetraacetic acid (EDTA) helps to preserve whole blood
and cellular components and less suitable for PT testing. Objectives: This study aimed to assess the possibility of
using EDTA as an anticoagulant when performing PT testing and determine its effect on the results by measuring
PT (using both EDTA and sodium citrate as anticoagulants) for 50 healthy volunteers living in Tarhuna. Results:
The results of this study showed that when citrate was used as an anticoagulant, PT was normal in 88% of the
samples, and INR was normal in 86%. In contrast, when EDTA was used as an anticoagulant, PT was elevated in
98% of the samples, while INR was above normal in 92% of them. Conclusions: This study concluded that EDTA
as an anticoagulant is not suitable to use in coagulation testing. Further studies are recommended to identify
potential alternative anticoagulants to citrate that can be used when performing coagulation tests, and more studies
to find an equation that can be used to correlate the results of citrate and EDTA in emergency situations where
citrate is unavailable.
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Introduction

Prothrombin time is one of several blood tests routinely employed in clinical settings to assess patients'
coagulation status. More specifically, PT is used to evaluate the extrinsic and common pathways of coagulation,
which helps detect deficiencies of factors Il, V, VII, and X as well as low fibrinogen levels; also, PT is used to
monitor oral anticoagulant drugs. (Levy, et al, 2014; Shahangian, et al, 2006; Poller, 2004). The international
normalized ratio INR represents the ratio of the patient's prothrombin time divided by a control prothrombin time
value obtained using an international reference thromboplastin reagent developed by the World Health
Organization (WHO). The implementation of INR for reporting PT findings has reduced results discrepancies
arising from varying thromboplastin. (Le, et al, 1994; Levy, et al, 2014; Poller, 2004)

Sodium citrate acts as an anticoagulant by binding to calcium ions and forming calcium citrate complexes; as a
result, there is less free calcium available, which is necessary for the coagulation process. Because it helps keep
clotting factors stable and guarantees precise measurements of clotting times, such as in PT and activated partial
thromboplastin time (APTT) assays, sodium citrate is especially crucial in coagulation investigations. However,
sodium citrate is less suitable than EDTA for maintaining cellular components or nucleic acids since it can
interfere with calcium-dependent cellular functions. EDTA is a strong anticoagulant that acts by chelating divalent
cations, especially calcium (Ca™); by sequestering Ca*", EDTA effectively prevents their participation in the
coagulation cascade, thereby inhibiting the activation of calcium-dependent clotting factors and preventing blood
clot formation. Because of this characteristic, EDTA is very useful in maintaining whole blood and cellular
constituents. Furthermore, EDTA is frequently used in molecular biology applications because it preserves the
integrity of nucleic acids. (Rattan, & Jeyaseelan, 2024)

Some studies have been conducted to clarify the effect of EDTA on PT testing, such as the study of Della Valle
etal 1999, which assessed the impact of anticoagulant antibodies on PT assays in plasma from patients with lupus
anticoagulant (LA) who were taking oral anticoagulation; their findings indicated that the INR results could vary
significantly depending on the type of anticoagulant used. (Della Valle, et al, 1999)

Vitamin K-dependent coagulation factors (I, VII, and X) are measured by clotting techniques called PT assays.
The Quick assay, Owren's assay, and PT dry chemistry test cards are the three primary PT assay types that are
commonly used. Mattsson et al 2001 conducted a study to assess the reliability of commercially accessible PT
assays in monitoring the anticoagulant activity of melagatran (a reversible direct thrombin inhibitor), and they
concluded that PT assays and INR cannot be used to monitor melagatran. (Mattsson, et al, 2001)

In another comparative study carried out by Horsti 2001, samples were taken from 107 patients taking oral
anticoagulant medication; samples were collected using tubes containing citrate and EDTA anticoagulants. The
PT values and INR for both were measured. The results demonstrated that no clinically significant difference was
observed between the PT and INR values obtained from citrate and EDTA samples. This makes it possible to use
EDTA samples for PT measurement under certain conditions with citrate calibrators. (Horsti, 2001)

Additional research by Banfi et al 2007 emphasized that while EDTA is commonly used for haematological
analyses due to its cell-preserving properties, its application in coagulation testing is limited. The study reaffirmed
that calcium chelation by EDTA results in inhibition of coagulation pathways in vitro, which generally renders it
inappropriate for PT assessments. (Banfi, et al, 2007)

Based on what was mentioned above, blood coagulation testing, particularly PT and INR, plays a critical role in
diagnosing coagulation disorders and monitoring anticoagulant therapy. The accuracy of these tests heavily
depends on the type of anticoagulant used during blood sample collection. While sodium citrate is widely accepted
and standard for PT testing due to its ability to temporarily chelate calcium without permanently inhibiting
coagulation, the use of EDTA as an anticoagulant, predominantly employed in hematology for hemocytometry,
is generally considered inappropriate for coagulation studies because of its strong calcium-binding properties,
which can potentially alter test results. However, some studies suggest that EDTA may produce PT and INR
results comparable to citrate under certain conditions. Despite this, there remains a paucity of comprehensive
research explicitly comparing the effects of EDTA versus citrate on PT outcomes, particularly in diverse patient
populations and clinical settings. Given the widespread availability and use of EDTA in laboratories,
understanding its impact on coagulation parameters is crucial to ensure the accuracy and reliability of PT
measurements.
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Therefore, this study is vital because it addresses a significant gap in current laboratory practice by systematically
evaluating the possibility of using EDTA as a practical alternative to citrate in PT testing. Also, its findings could
lead to potential adjustments in sample collection protocols, particularly in resource-limited settings where EDTA
use might be more accessible, which ensures the accuracy of PT and INR test results, which directly impacts the
treatment and monitoring of patients, especially those receiving anticoagulant therapy. This study also contributes
to the broader scientific understanding of anticoagulants' effects on coagulation assays, which contributes to
improving laboratory standards and practices.

In summary, this study seeks to generate evidence regarding the compatibility of EDTA use with PT testing,
which may contribute to simplifying laboratory procedures and improving diagnostic accuracy. It also aims to
highlight the impact of using EDTA as an anticoagulant in PT testing.

Research Objectives:

This study aims to investigate the impact of EDTA as an anticoagulant on PT results and INR, contrasting these
findings with those obtained using sodium citrate as an anticoagulant for the same test.

Materials and methods:

Study area, population, and duration: This study was conducted in the Tarhuna district (northwest of Libya)
on 50 healthy volunteers (randomly selected) during the period from February to May 2025.

Blood samples collection: Using sterile blood collection equipment’s, 4 ml of venous blood was collected from
each participant; immediately after collection, 2 ml of blood was transferred into tubes containing EDTA, while
the remaining 2 ml was transferred into 3.2% sodium citrate tubes.

All samples were centrifuged at 4000 rpm for 15 minutes, plasma was separated, and they were transported
promptly to the laboratory under appropriate conditions to maintain sample integrity for subsequent laboratory
analyses.

Analysis method:

The test was carried out using the CoaDATA504 device and the Biomaghreb Calcium Thromboplastin reagent
for determination of the prothrombin time..

Data Analysis:

The obtained results were presented as tables and figures to guarantee accurate and trustworthy findings. The
results are expressed as numbers and percentages to illustrate the comparison between the laboratory analysis
results for both anticoagulants used.

Results:

Fifty healthy volunteers residing in the Tarhuna district were randomly selected, and their PT and INR were
measured.

The results of the current study showed that, when citrate was used as an anticoagulant, 44 (88%) samples had
normal prothrombin time, while 6 (12%) had elevated PT. In contrast, 49 (98%) samples had elevated PT, and
just one sample had a normal PT when EDTA was used as an anticoagulant. Notably, no results below the normal
range of PT were recorded either when employing citrate or EDTA as an anticoagulant.

In the same context, there were differences in findings between using citrate and EDTA in the present study
regarding INR results; the results showed that, when using citrate, 43 samples, representing 86%, had INR results
within the normal range, and 6 samples gave an INR rate higher than the normal range, while the result was lower
than normal in one sample. Looking at the analyses' findings when utilizing EDTA as an anticoagulant, it is
evident that a large number of samples (46) displayed results higher than normal limits in opposition to 4 samples
that fell within the normal range. These results are described in Figurel.
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Figure 1. Shows the distribution of laboratory findings (PT & INR) for the study sample by use of both of "citrate
and EDTA" as an anticoagulant.

As illustrated in Table 1, forty-nine (98%) out of the total samples show an elevated PT, while just one sample
had a normal PT by EDTA, among those 49 samples, only 5 samples had elevated PT, and the remaining 44 had
normal prothrombin time by using citrate. Similarly, 43 of the 49 samples “which had elevated PT using EDTA"
had normal INR, whereas 5 samples had increased INR using citrate. At the same time, the only sample that had
normal PT using EDTA showed elevated levels in PT and INR when using citrate.

Table 1 Shows the distribution of PT results using EDTA as an anticoagulant comparison to PT and INR
findings using citrate.

Citrate
EDTA PT INR
high 5 5
high 49 normal 44 43
low Il 1
PT high 1 1
normal 1 normal Il I/
low Il Il

This study's findings also revealed that 46 samples had INR levels higher than normal using EDTA, among them
43 samples with normal PT and 3 samples with elevated PT using citrate, while 41 of them had normal INR, 4
had high INR, and only one sample was lower than the normal INR range using citrates. It was discovered that
none of the four samples with normal INR using EDTA had higher than normal PT or INR, while one case had
normal PT and two cases had normal INR. As shown in Table 2.

Table 2 Elucidate the distribution of INR results using EDTA comparison to PT and INR findings using citrate
as an anticoagulant.

Citrate
EDTA PT INR
high 3 4
high 46 normal 43 41
low // 1
18R high i I
normal 4 normal 1 2
low 3 2
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Additionally, the data demonstrated that five of six samples with raised PT using Citrate also had elevated PT
using EDTA, whereas only five of 49 samples with elevated PT using EDTA also had elevated PT using Citrate.

On the other hand, it was noted through the results of the current study that the number of samples that had an
elevated INR using citrate was 6, four of which were also elevated using EDTA, while among 46 samples that
had an elevated INR using EDTA, only 4 of them were found to have an elevated INR using citrate.

When citrate was used as an anticoagulant, it was discovered that 5 of 6 samples with an elevated PT also had an
elevated INR.

Also, when using EDTA as an anticoagulant, it was found that among 49 samples that had an elevated PT result,
46 of them also had an elevated INR result.

Discussion:

Citrate samples are only used for coagulation tests, while EDTA samples have long been used in many
haematological measurements because they provide the best preservation of blood cells morphology. As a result,
the possibility of using EDTA for coagulation tubes appears to be practical, convenient, and cost-effective. [M
Albayaa, 2011]

The purpose of this study is to assess if EDTA can be used as an anticoagulant to perform PT testing as an
alternative to sodium citrate.

These results demonstrate a significant difference between PT results using citrate and EDTA as anticoagulants
when collecting blood samples. As evident from the results of this study, the use of EDTA produced significantly
elevated PT compared to the use of citrate, "where most citrate samples showed normal results”. This is largely
acceptable given that all participants are healthy individuals “not receiving any anticoagulant medications and not
suffering from any cardiovascular disease™. It is also worth noting that neither citrated nor EDTA samples were
found to produce any PT readings below the normal range.

This is attributed to the fact that EDTA is a potent chelating agent that continue binding to Ca*™ ions even when
more calcium is introduced, making it less suitable for coagulation tests than citrate, while sodium citrate is used
in coagulation tests due to it reversible chelation of calcium, and its effect can be readily countered by the addition
of calcium ions. (Bankovi¢ Radovanovié, et al, 2020)

The results of the current study also showed significant differences with respect to INR similar to those observed
in PT.

Although some studies have demonstrated the feasibility of using EDTA in the PT assays, the results of the current
study indicate that it is preferable not to use EDTA as an anticoagulant when collecting blood samples for the PT
test.

This is consistent with some previous studies conducted to determine the possibility of using EDTA as an
anticoagulant instead of citrate, e.g. The study conducted in Iraq by M Albayaa 2011, which reported that, the use
of EDTA samples for PT testing is unacceptable and may lead to serious discrepancies in INR estimation. [M
Albayaa, 2011]

Also results of Della Valle et al 1999 indicated that, the INR results could vary significantly depending on the
type of anticoagulant used. (Della Valle, et al, 1999)

The study by Banfi et al, 2007 highlighted that the use of EDTA in coagulation testing is limited because EDTA-
induced calcium chelation inhibits coagulation pathways in vitro making it generally unsuitable for PT
assessments( .Banfi, et al, 2007)

On the other hand, the findings of the current study are incompatible with other studies, such as the findings of
Triantaphyllopoulos et al 1955 while studying the action of EDTA on PT, which noted that occasionally a shorter
prothrombin time was obtained with the EDTA specimen than with the oxalated. (Triantaphyllopoulos, et al,
1995)

The Horsti 2001 findings showed that no difference between the PT and INR values obtained from citrate and
EDTA samples were noted; this makes it possible to use EDTA samples for PT measurement under certain
conditions with citrate calibrators. (Horsti, 2001)
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Conclusions and recommendations:

Added anticoagulants could influence the specimen's composition and cause issues with some tests; as a result,
some anticoagulants are more suitable for particular tests, while others might not be. Decades have been spent
searching for the ideal anticoagulant; regretfully, there is still no common anticoagulant for laboratory testing.
The current study, which was conducted on healthy volunteers, aimed to investigate the possibility of using EDTA
as an anticoagulant in PT testing and showed that there were differences in the results of the PT and INR between
EDTA and citrated blood samples since the results were normal in most samples when using sodium citrate and
higher than normal when using EDTA as an anticoagulant, so this study concluded that it is not appropriate to use
EDTA as an anticoagulant in coagulation tests.

At the end of this study the following are recommended: Further studies are recommended to identify possible
alternative anticoagulants to citrate that can be used when performing coagulation testing. Search for an equation
that can be used to correlate the results of citrate and EDTA in emergency situations where citrate cannot be used.
In laboratories, avoid using EDTA when performing coagulation tests except when absolutely necessary "with
calibration using citrate”.
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