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ARTICLE INFO ABSTRACT

Keywords: Background: Significant errors of activated partial thromboplastin time (aPTT) ratio were
Hemodialysis frequently observed in blood sampling from central venous dialysis catheter (CVC) of hemodi-
Central venous dialysis catheter alysis (HD) patients. Following the draw-and-return methods, initial blood withdrawal from the
APTT ratio catheter before sampling can reduce the error, but the optimal withdrawal volume remains

Blood sampling

Withdrawal volume undetermined.

Aim: The objective of this study is to determine the optimal blood withdrawal volume for the
draw-and-return methods to improve aPTT ratio accuracy in hemodialysis patients with CVC.
Methods: A prospective study was conducted in patients receiving HD via CVC. Four blood
samples were collected from each patient, involving a peripheral venipuncture and three draw-
and-return samples (10 ml, 20 ml and 25 ml groups). The aPTT ratio of a peripheral sample
was used as a reference to determine the aPTT ratio accuracy for each draw-and-return group.
Subsequently, the agreement was illustrated using modified Bland-Altman plot.

Results: A total of 1,000 samples were obtained from 250 patients. The patients had a mean age of
59.6 + 15.4 years, with 17.2% using citrate as the CVC’s locking agent. The adjusted accuracies
of the aPTT ratio varied significantly among the three withdrawal volumes (p-value <0.001). The
25 ml group demonstrated the highest accuracy (43.2%; 95%CI, 38.0-48.4), followed by the 20
ml group (30.0%; 95%CI, 24.9-35.2), and the 10 ml group (18.0%; 95%CI, 12.8-23.2). Addi-
tionally, using citrate as a locking agent provided more than 80.0% aPTT ratio accuracy, whereas
heparin demonstrated inferior accuracy even in the 25 ml withdrawal group.

Conclusion: The optimal blood withdraw volume for the draw-and-return methods concluded at
20 ml for citrate locked-CVC and 25 ml for heparin which significantly improved aPTT ratio
accuracies. Applying citrate as a locking agent provides clear benefits for aPTT ratio monitoring,
while peripheral venipuncture is recommended in cases of heparin-locked CVC.
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1. Introduction

Hemodialysis (HD) patients require a vascular access (VA) to facilitate the connection of a dialyzer to their circulatory system [1].
Various VA options are currently available including arteriovenous fistulas, arteriovenous grafts, and catheters. However, the selection
of VA varies across countries and primarily depends on specific treatment plans of individual patients [2]. According to the 2020 report
from the United States Renal Data System, over 80% of HD patients initiate their treatment with a catheter, specifically central venous
dialysis catheter (CVC), as a preferred option [3,4]. Within the lumen of the catheter, some anticoagulants including heparin and
citrate will be used to lock the catheter in order to prevent thrombosis [1]. Moreover, during the HD process, it is crucial to administer
anticoagulants, such as low molecular weight heparin (LMWH) or unfractionated heparin (UFH), in appropriate doses to prevent
circuit clot [5]. However, excessive usage of heparin can result in bleeding event, and its antithrombotic effect varies among patients,
necessitating close monitoring in standard practice [5,6]. Heparin effect can be directly observed by using anti-activated factor X
(anti-Xa) activity or activated partial thromboplastin time (aPTT) ratio which is more widely used and economically reasonable in our
setting [7,8].

To minimize patient discomfort and failure of peripheral venipuncture, blood samples for coagulation testing are often collected
from CVC access or dialysis circuit [9]. However, previous reports have highlighted a potential problem of sample contamination, as
locking agents like heparin or citrate from CVC can introduce errors in the coagulation profile measurement [10-12]. Consequently,
these inaccuracies can lead to improper adjustments in anticoagulation dosing [1]. To enhance the precision of coagulation moni-
toring, several methodologies have been proposed, including blood sampling through the dialysis circuit [13], pull-push method [14,
15], and discard method which removes heparin-contaminated blood before sampling [16,17].

While removing contaminated blood prior to sampling is considered reliable and widely used, cumulative volume of waste blood
may become clinically significant in critically ill patients [18]. Due to this consideration, the draw-and-return methods, which are also
referred to as the reinfusion techniques, have become an alternative. These methods involve initial withdrawal of blood before
sampling, returned into the patient’s circulation afterward to maintain homeostasis and minimize blood loss [19]. Despite the methods
being studied and implemented in our HD center for decades, the optimal volume of withdrawn blood remains uncertain. Therefore,
the primary aim of this study is to determine the optimal withdrawal volume for the draw-and-return methods to improve the aPTT
ratio accuracy by evaluating the accuracies of 10 ml, 20 ml, and 25 ml withdrawn volumes in patients receiving HD via CVC.

2. Materials and methods
2.1. Patients and data collection
This prospective study included a single group of patients who were recruited from Nopparat Rajathanee Hospital, Bangkok,

Thailand during August 1, 2020 to November 19, 2021. Patients at any age groups who received (i) HD via CVC and (ii) blood
coagulation test were included. We excluded patients who were unable to provide informed consent or undergo peripheral
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Fig. 1. Graphical scheme of experimental design. CVC, central venous dialysis catheter.
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venipuncture.

Data of baseline demographic (e.g., age, sex, underlying diseases), laboratory investigations (e.g., creatinine, hemoglobin, he-
matocrit), catheter usage and the specification of vascular access were collected from all eligible patients. The study protocol was
registered on the Thai Clinical Trial Registry (TCTR20201126001) and has been approved by The Human Research Ethics Committee
of Nopparat Rajathanee Hospital (42/2563).

2.2. Blood collection procedures

All eligible patients underwent four blood collection methods before HD, which were administered by the dialysis nursing staff at
the hospital’s dialysis unit. The reference sample for blood collection method was obtained from peripheral venipuncture, while the
draw-and-return samples were acquired from the arterial line of the catheter, incorporating three withdraw volumes of 10 ml, 20 ml
and 25 ml for each sample, respectively.

The procedure began with sterilizing the access site and removing the locking agent from both lumens of the catheter. The first
draw-and-return method started by drawing 10 ml of blood from the CVC and retaining the withdrawn blood in the syringe. A new
sterile syringe was replaced to collect the next 3 ml of blood from the CVC and labeled as the 10 ml method. Repeatedly, for the 20 ml
method, 7 ml of blood was withdrawn using a new syringe and kept sterile. This process summed up the total withdrawn volume to 20
ml thus, the next 3 ml of blood was collected and labeled as the 20 ml method. Similarly, the last sample proceeded with 2 ml of blood
removal using a new syringe and the collection of 3 ml of blood was subsequently done for the 25 ml method. It is important to note
that a new sterile syringe was replaced at each withdrawal procedure and the total of 19 ml of blood that had been withdrawn
(including 10 ml, 7 ml, and 2 ml) was gradually returned to the patients through the CVC. In total, four samples were obtained from
each patient and subsequently subjected to analysis for aPTT ratio. Fig. 1 demonstrates blood collection procedures and experimental
design.

All samples were collected and transferred with 2% sodium citrate collection tubes (BD Vacutainer®, Becton, Dickinson and
Company, New Jersey, United States) to the central laboratory of the hospital following routine practice. The samples were imme-
diately analyzed upon arrival at the laboratory (delivery time ranged between 5 and 10 minutes). Samples were analyzed using CS-
1600 System coagulation analyzer and Thromborel S reagent kit (Sysmex Corporation, Kobe, Japan) according to the manufac-
turer’s protocol. The machine’s detection limit for coagulation time was at 180 seconds, indicating that any results exceeding this
threshold were considered as reaching the 180-seconds limit for coagulation time.

2.3. Definitions

1. Percentage of error (% error): the error of the laboratory test results from the testing sample compared to the reference sample. The
value was derived from ((value from the testing sample — value from the reference sample)/value from the reference sample) x 100.

2. Allowable total errors (%): acceptable performance described by the percentage of error defined according to the Clinical Labo-
ratory Improvement Amendments (CLIA) [20-22]. The allowable total error of all laboratory tests in this study are as followed.

(i) Prothrombin time (PT): £15%;

(ii) Activated partial thromboplastin time (aPTT) (second): £15%;
(iii) aPTT ratio = + 15%

3. Crude accuracy: percentage of laboratory test results within the allowable total error range, before adjusting for extraneous effects
(i.e., age, gender, underlying diseases, baseline laboratory results and catheter usage factors).

4. Adjusted accuracy: percentage of laboratory test results within the allowable total error range, after adjusting for extraneous
effects.

2.4. Sample size estimation

In a pilot data collection, the correlation of the aPTT ratios of the 10 ml and 20 ml groups was 0.7, and the 10 ml group
demonstrated 18% accuracy. Based on our hypothesis, the draw-and-return methods were expected to exhibit a minimum 5%
improvement in accuracies which were considered clinically significant. Hence, to obtain 80% statistical power, 5% alpha error for
one-sided test, the minimum sample size estimated via a paired proportion method was 248 patients.

2.5. Statistical analysis

Data were presented as number and percentage for categorical data while mean and standard deviation (SD) or median and
interquartile range (IQR) were used for numerical data as appropriate. The results of coagulation tests, including mean of aPTT ratio,
mean difference and % error, were calculated based on the predefined-criteria, which were subsequently accounted for the percentage
of accuracy. The accuracies were compared using multivariable mixed-effects regression, which adjusted for gender, age, catheter
insert site, locking agent volume, interdialytic day, volume of coagulation applied during previous dialysis, underlying diseases (i.e.,
liver disease), current medication (i.e., peripheral heparin infusion, antiplatelet), laboratory data (i.e., hemoglobin, creatinine).
Bonferroni adjustment was employed and p-value less than 0.05 was considered statistically significant.

The Modified Bland-Altman plot was applied to illustrate the agreement between the draw-and-return and reference methods. The
percentage of error, representing the deviation from the reference value, was illustrated along with the allowable total error. All
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statistical analyses were performed using Stata 17 (StataCorp, College Station, Texas, United States).

3. Results

3.1. Participants

A total of 263 patients that met inclusion criteria were identified during the study period. Of these, 13 patients (4.9%) were
excluded from the study due to their inability to undergo peripheral venipuncture. The remaining patients provided informed consent
and agreed to participate in the study. Patient’s characteristics are described in Table 1. Half of the patients were male (50.0%) with a
mean age of 59.6 (+15.4) years. The majority of patients were diagnosed with hypertension (86.8%), followed by diabetes (59.6%) and
liver disease (11.6%). None of them were prescribed warfarin, but almost one-third (32.0%) were prescribed antiplatelet drugs which
included salicylate (n = 63) and clopidogrel (n = 41). Non-tunneled with non-cuffed catheter was predominantly applied (59.6%)
among these patients, as well as the usage of heparin as a locking agent (82.8%). The median usage of CVC was 9 days, ranging from 1
to 2,568 days (IQR, 3-203 days). There was no report on catheter-related bloodstream infection (CRBSI).

3.2. Accuracy of draw-and-return methods on aPTT ratio

A total of 1,000 samples were obtained from 4 collection methods including peripheral venipuncture, 10 ml, 20 ml and, 25 ml of
draw-and-return methods which contained 250 samples each. APTT ratios of the peripheral and draw-and-return samples (10 ml, 20
ml, 25 ml groups) were determined. Among three groups, 10 ml obtained the highest aPTT ratio, following by 20 ml and 25 ml groups,
respectively. Therefore, when comparing to the reference, the resulting mean difference and percentage of error of the 25 ml group
showed the least deviation (mean difference 0.74 + 1.27; %error 67.55 + 116.98). Consistently, adjusted accuracies from these
methods were significantly different (p-value <0.001), where the 25 ml group revealed the highest adjusted accuracy (43.2%; 95%CI,
38.0-48.4) (Table 2). The results remained consistent when adjusted with Bonferroni correction.

Table 1
Patient’s characteristics.
Characteristics (N = 250) n %
Male 125 50.0
Age (Years), mean + SD 59.6 +15.4
Underlying diseases
At least one 246 98.4
Hypertension 217 86.8
Diabetes 149 59.6
Liver diseases 29 11.6
Systematic lupus erythematous 9 3.6
Hemophilia 0 0
Current medication
Warfarin 0 0
Intravenous unfractionated heparin (UFH) 5 2.0
Antiplatelet (Salicylate and clopidogrel) 80 32.0
Laboratory investigations
Blood Urea Nitrogen (mg/dL), median (IQR) 60 (40-87)
Creatinine (mg/dL), median (IQR) 7.7 (5.2-10.7)
Hemoglobin (gm/dL), mean + SD 8.7 +1.6
Hematocrit (%), mean + SD 26.1 +4.8
Platelet count (*10° cells/mm?), median (IQR) 203.5 (145.0-276.0)
Types of central venous dialysis catheter (CVC)
Non-tunneled, non-cuffed catheter 149 59.6
Tunneled, cuffed catheter 101 40.4
CVC site
Arterial catheter 101 40.4
Venous catheter 149 59.6
CVC usage (days), median (IQR) 9 (3-203)
Locking agent
Heparin 207 82.8
Citrate 43 17.2
Locking agent volume (ml), mean + SD 1.5 +0.3
Previous anticoagulant used during hemodialysis
No 149 59.6
Heparin 93 37.2
Low molecular weight heparin 8 3.2

Abbreviation: IQR, interquartile range; SD, standard deviation.
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Activated partial thromboplastin time ratios (aPTT ratios) from different techniques compared to a reference.

Heliyon 10 (2024) e28651

Mean + Mean % Error £SD % Crude accuracy % Adjusted P-value compared to P-value compared to
SD difference (95% CI) accuracy” (95% CI) 10 ml technique 20 ml technique
+SD
Both locking agent
Peripheral 1.12 + Reference Reference Reference Reference - -
blood 0.25
10 ml group 4.33 £ 3.21 £2.05 294.19 + 18.00 (11.2-24.8)  18.00 (12.8-23.2) - -
2.10 200.35
20 ml group 245 + 1.34 +1.71 121.48 + 30.00 (23.2-36.8) 30.00 (24.9-35.2) <0.001 -
1.75 159.14
25 ml group 1.86 + 0.74 £1.27 67.55 + 43.20 (36.4-50.0)  43.20 (38.0-48.4) <0.001 <0.001
1.30 116.98
Heparin (n = 207, 82.8%)
Peripheral 1.32 + Reference Reference Reference Reference - -
blood 0.25
10 ml group 4.96 + 3.83 + 1.64 349.64 + 3.86 (0-9.9) 3.87 (1.0-9.1) - -
1.68 166.77
20 ml group 273 + 1.60 + 1.77 145.09 + 17.39 (11.3-23.5)  17.39 (12.2-22.6) <0.001 -
1.80 165.08
25 ml group 2.02 £+ 0.88 +£1.35 80.43 + 33.33(27.2-39.5)  33.33(28.1-38.5) <0.001 <0.001
1.37 124.50
Citrate (n = 43, 17.2%)
Peripheral 1.05 + Reference Reference Reference Reference - -
blood 0.21
10 ml group 1.27 + 0.22 +£ 0.85 27.24 + 86.05 (74.5-97.5) 86.05 (77.7-94.4) - -
0.82 116.03
20 ml group 1.12 + 0.07 +£0.18 7.83 £ 90.70 (79.2-100) 90.70 (82.3-99.1) 0.276 -
0.24 22.40
25 ml group 1.09 + 0.04 +0.14 5.53 + 90.70 (79.2-100) 90.70 (82.3-99.1) 0.276 1.000
0.22 18.85

Abbreviation: CI, confidence interval; SD, standard deviation.

# Accuracy adjusted by gender, age, catheter position, priming volume, interdialytic day, hemoglobin, creatinine, anticoagulant of last HD, heparin
peripheral infusion and antiplatelet usage.

3.3. Subgroup analysis by locking agents

In order to evaluate the accuracy of the aPTT ratios in two different locking agents, we conducted a subgroup analysis using data
from the heparin (n = 207) and citrate (n = 43) samples. Within the heparin locking agent samples, the 25 ml group displayed the
highest accuracy, showing an adjusted accuracy of 33.3% (95% CI, 28.1-38.5) (Table 2 and Fig. 2a—c). In the citrate locking agent
samples, both the 20 ml and 25 ml groups exhibited similar adjusted accuracies at 90.7% (95% CI, 82.3-99.1). However, these results
did not differ significantly from those obtained from the 10 ml group (p-value 0.276; Bonferroni adjustment p-value 0.828) (Table 2
and Fig. 3a—c). All withdrawal volumes in the citrate locking agent samples demonstrated superior accuracies compared to the heparin
samples (p-value <0.001). The differences in adjusted accuracies between both locking agents in each method were reported in
Supplementary Table S1.
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Fig. 2. Modified Bland-Altman plot of activated partial thromboplastin time (aPTT) ratio error of the heparin locking agent group determined by (a)
10 ml group, (b) 20 ml group and (c) 25 ml group.
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aPTT ratio error among Citrate locking agent (n=43)

(a) 10 ml group (b) 20 ml group (C) 25 ml group

g g g

8 34 3

G \Q Limit of detectable range & \ Limit of detectable range = \ Limit of detectable range

\ """" Allowable total error range \\ """" Allowable total errorrange |\ oo Allowable total error range
g ) 84 AN 8
g1\ gl \ g
\ N\
\ N N
. . N ? R Y
£ %7 g 2§ N 2 8- e
5 5 N 5 S
= \\ & S & s ~
\\ . s
o [e] M o N Q S
& e <1 es—ory S e
B o P 8 o i
° k! e °
g g g
g T T
7 1 15 2 25 7 1 15 2 25 7 1 15 2 25
Peripheral aPTT ratio Peripheral aPTT ratio Peripheral aPTT ratio

Fig. 3. Modified Bland-Altman plot of activated partial thromboplastin time (aPTT) ratio error of the citrate locking agent group determined by (a)
10 ml group, (b) 20 ml group and (c) 25 ml group.

4. Discussion

Our study demonstrated that in HD patients, blood sampling from the CVC using the draw-and-return methods significantly
improved the accuracy of blood sampling on the aPTT ratios when an initial 25 ml of blood was withdrawn before sampling. Spe-
cifically, when different locking agents were employed, the results were considerably different, with citrate exhibiting notably higher
accuracies of aPTT ratios compared to heparin.

When blood samples are obtained directly from the catheter, contamination of the CVC’s locking agents, such as heparin, affects the
coagulation profiles and consequently prolongs the prothrombin time and aPTT ratio. Several strategies were created to collect blood
samples from the CVC [23,24]. When comparing the draw-and-return methods to other techniques such as the discard methods and the
pull-push (mixing) methods, several advantages and limitations become evident. While both the discard and draw-and-return methods
remove heparin-contaminated blood before sampling, the discard methods require the wastage of blood. On the other hand, the
pull-push methods involve mixing the blood in the catheter before sampling. Althoughthe pull-push methods avoid blood wastage and
reduce the risk of medical staff exposure to blood, the mixing process may lead to hemolysis [24]. Consequently, considering hemolysis
and blood loss, our draw-and-return methods provided substantial benefits over the other two models. However, limited studies assess
the accuracy of coagulation parameters, especially in terms of heparin monitoring in HD patients.

Though removal of heparin-contaminated blood is similar in both discard methods and draw-and-return methods, a consensus has
not been established concerning the optimal discard volume for achieving an accurate coagulation value [25,26]. Previous studies
have been conducted using the discard methods with several discarded volumes including 3 ml, 5 ml, 10 ml, 15 ml, 20 ml, and 25 ml
[16,17,27]. The aPTT ratios mean difference ranged from 0.96 to 1.81 [17]. In our center, we have implemented the 10 ml
draw-and-return method in practice, which also led to noticeable errors in coagulation profiles, especially aPTT ratio measurement,
resulting in inappropriate management of anticoagulant administration. In the current study, we addressed this issue by increasing the
volume of blood withdrawn to 20 ml and 25 ml and evaluating its accuracy on aPTT ratios. Our study exhibited comparable trends in
which our aPTT ratios mean difference ranged around 0.74-3.21. The findings revealed a notable improvement in accuracies, aligning
with previous studies in discard methods that have demonstrated a continuous reduction in errors when the amount of discarded blood
increases [16,17]. Nonetheless, despite withdrawing 25 ml of blood, the coagulation panel still displayed significant deviations from
the peripheral samples [16].

Although increasing the volume of discarded blood has been shown to improve aPTT ratio accuracy, it is crucial to consider the
practicality in clinical aspects. A substantial amount of withdrawn blood may impact patient’s hemodynamic status, especially in cases
where anemia is present due to blood loss [18]. Considering these factors, we recommend 25 ml withdrawal for the draw-and-return
methods since it simplifies the entire process by using only a single 25-ml syringe. Plus, returning the blood may help lessen blood
wastage as well as mitigating potential adverse effects on the patient’s hemodynamic stability [28].

Furthermore, the administration of different locking agents had a considerable impact on the coagulation profile. Our subgroup
analyses demonstrated that samples collected from CVCs locked with a sodium citrate solution exhibited remarkably high accuracy of
the aPTT ratio, outperforming the samples from CVCs locked with heparin. In the blood coagulation cascade, the formation of a blood
clot involves intrinsic and extrinsic pathways that are influenced by several coagulation factors. Heparin is a polysaccharide that
possesses anticoagulant activity, interfering with the intrinsic pathway through the acceleration of antithrombin (AT) activity. The AT
will inactive coagulation enzymes; therefore, coagulation factors, especially factor Xa and thrombin, were inhibited [29]. Besides, the
exogenous pathway also involves binding between tissue factor and factor VII, which is facilitated by calcium, thereby activating factor
Xa and thrombin. For this mechanism, citrate exerts its anticoagulation activity by chelating to calcium ions, also producing an
anticoagulant effect [7]. Subsequently, the chelated complex will be immediately metabolized by the liver, reducing the further risk of
bleeding effects. Some studies suggested using sodium citrate as an alternative to heparin and considered it to provide advantages over
heparin in terms of functional assessment [30]. Furthermore, there was no significant evidence of the rate of thrombosis, catheter
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dysfunction, and CRBSI in randomized controlled trials using sodium citrate [30-32].
4.1. Clinical implication

The indication for choosing locking agents depends primarily on the patients’ background and underlying diseases. Considering
thrombosis monitoring, although citrate is favored for its accuracy in coagulation measurement, vigilance is necessary due to its ability
to chelate calcium ions, which may affect metabolite levels owing to the blood infusion [33]. Therefore, caution is needed when
employing citrate as a locking agent in patients with hypocalcemia or liver disease [34]. Instead, those patients should use heparin as
an alternative, with peripheral venipuncture being the preferred sampling method. If not possible, withdrawing the initial 25 ml of
contaminated blood from the central venous catheter is recommended. Besides, although there was initial concern regarding the
clotting of the withdrawn blood and the risk of infection when the blood was reinfused, the procedure has been demonstrated to be safe
as no infection or clotting was observed [35-37]. Also, there was no CRBSI incidence in our experiments.

4.2. Strength and limitation

This study highlights the use of draw-and-return methods for collecting blood samples from CVCs for the measurement of the aPTT
ratio. Our study possesses several strengths, including a prospective data collection, well-powered statistical analyses, and single
patient control, which helps minimize interpersonal variation. However, certain limitations should be acknowledged. First, it is
important to note that all our samples from these four collection techniques were obtained simultaneously, in a consecutive manner.
This experimental procedure does not reflect real-world practice, and further investigation based on a 3 x 3 crossover trial is necessary
to reinforce these findings. Secondly, the machine’s limit of detection hinders the accurate determination of coagulation time. This
technical limitation, however, provided minimal impact on the percentage of accuracy estimation because PTT exceeding 180 seconds
were extremely high, accounting for more than 200% of the %error and certainly surpassing the allowable total error limit (which was
defined at 15% cut-off). Enhancing the precision of coagulation measurements can mitigate the issue of prolonged PTT values which
can be confined within the detection range.

5. Conclusion

Our study demonstrated that, for the draw-and-return methods, the optimal blood withdrawal volume of 25 ml for heparin and
equal to or more than 20 ml for citrate locking agents improved aPTT ratio accuracy in HD patients with CVC. Though the results were
notably superior in citrate-locked samples for monitoring blood coagulation, heparin usage may be unavoidable in certain cases, and it
is advised to prioritize peripheral venipuncture for blood sampling. Additional validation in other settings and study designs is
necessary to support these findings.
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