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Abbreviations: ACS: acute coronary syndrome 

 anti-Xa: anti-activated factor X (activity) 

 aPTT: activated partial thromboplastin time 

 AT: antithrombin 

 CAP: College of American Pathologists 

 CI: confidence interval 

 CLSI: Clinical and Laboratory Standards Institute 

 CTAD: citrate, theophylline, adenosine and dipyridamole 

 CV: coefficient of variation 

 F: (clotting) factor 

 GFHT: French Working Group on Hemostasis and Thrombosis 

 ISO: International Organization for Standardization 

 IU: international unit 

 IV: intravenous 

 LMWH: low molecular weight heparin  

 NIBSC: National Institute for Biological Standards and Control  

 PF4: platelet factor 4 

 SC: sub-cutaneous 

 UFH: unfractionated heparin 

 VTE: venous thromboembolism 

 WHO: World Health Organization 
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Abstract  

 

Current guidelines recommend performing laboratory tests aimed at monitoring unfractionated 

heparin (UFH) treatments within a delay not exceeding 1 to 2 hour(s) after sampling when blood is 

collected into citrated tubes. As such a short delay could be an issue, we evaluated the potential 

impact of longer delays. For that purpose, two citrated tubes were obtained from patients on UFH: 

one was centrifuged and tested for anti-Xa activity and aPTT within 1h after collection (T1h) and 

one was stored for 4h at room temperature (T4h) before being processed. A total of 123 paired 

tubes were investigated. Anti-Xa activity was significantly lower at T4h than at T1h, with a mean 

bias, calculated according to Bland-Altman, of 0.05 IU/mL. Considering 0.30 to 0.70 IU/mL as the 

therapeutic range, there were 12 cases of discrepant test results (9.8%). Most of them being 

around the lower limit of the therapeutic range had no impact on patients’ management. APTT was 

significantly shortened (p< 0.0001) at T4h vs. T1h, with a mean bias of -8.1 sec. Considering anti-

Xa correlated aPTT therapeutic range, 29 cases of discrepant test results (23.6%) were found, 

10% would have induce dosage changes. The concordance between anti-Xa activities measured 

at T4h and T1h was excellent (kappa=0.813) and good for aPTT (kappa=0.661). In conclusion, 

extending the delay between blood collection and measurement of tests prescribed for monitoring 

UFH therapy up to 4h was found to lead to a systematic reduction in both anti-Xa activity and aPTT 

in unspun citrated tubes. As changes at T4h were limited and had few clinically relevance than the 

ones observed with aPTT testing, a 4h-delay was found to be acceptable for anti-Xa activity. The 

maximum delay for aPTT should remain around 1-2h as changes were more relevant. 
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Introduction 

 

Unfractionated heparin (UFH), a sulfated polysaccharide extracted from porcine intestinal mucosa, 

enhances the inhibitory activity of antithrombin (AT), a natural anticoagulant that inhibits most 

activated clotting factors (F), particularly FXa and FIIa [1,2]. UFH has been in clinical use for more 

than half a century, and despite the growing interest for low molecular weight heparin derivatives 

(LMWH) and direct oral anticoagulants, it is still widely used for different indications including the 

treatment of acute thrombosis such as venous thromboembolism (VTE), acute coronary 

syndromes (ACS), and other thrombotic diseases [3]. UFH is administered parenterally using either 

intravenous (IV) or sub-cutaneous (SC) route. The therapeutic window of UFH is narrow with a risk 

of thrombosis in case of under-dosing and a risk of bleeding in case of over-dosing [4]. Altogether 

with the highly variable between-individuals anticoagulant response to UFH [5], this implies that a 

careful laboratory monitoring of UFH treatments is mandatory [3]. For that purpose, there are two 

main options i) to measure the heparin-enhanced inhibitory activity of AT toward purified activated 

factors such as FXa or FIIa, usually using chromogenic substrate-based assays or ii) to evaluate 

the prolongation of the activated partial thromboplastin time (aPTT), a global clotting assay that 

reflects the ability of heparin to enhance the inhibitory activity of AT against FIIa, FXa, and other 

activated clotting factors [3,6]. However, ensuring a proper monitoring of UFH treatments has to 

overcome one main critical issue, as UFH present in the patient’s blood could be potentially 

neutralized in vitro by platelet factor 4 (PF4) released from platelet α-granules after their activation 

during or after venipuncture [7], leading to lowered anti-activated factor X (anti-Xa) activity and 

shortened aPTT test results. To circumvent that issue, it is recommended performing tests aimed 

at evaluating the anticoagulant activity of UFH as soon as possible after blood collection. Actually, 

and despite scarce evidence, the current Clinical and Laboratory Standards Institute (CLSI) 

guideline recommends a maximum delay of 1 hour between blood sampling and testing for anti-Xa 

activity or aPTT prescribed for monitoring UFH therapy, when blood is collected into citrated tubes 

[8]. Such a short delay was also recommended by the French Working Group on Hemostasis and 
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Thrombosis (GFHT) in its latest guidelines, even though a 2 hour-delay was found to be 

acceptable for unspun tubes [9].  

As the economic pressure led to a consolidation of clinical laboratories into so-called “core labs”, 

during the last years, the delay between specimen collection and its delivery to the production site 

has dramatically increase due to longer distances between these two sites. In such conditions, a 1 

hour-delay should be a limitation in some cases, making these recommendations difficult to apply 

in routine practice.  
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Aim and design of the study  

 

As such a short delay between 1 and 2 hours could raise logistical issues, particularly at multisite 

centres, the present study was carried out in order to evaluate the potential impact of a longer 

delay on the results of test aimed at monitoring UFH therapy when blood was collected into citrated 

tubes. For that purpose, 2 evacuated citrated tubes were collected from patients on UFH: one was 

centrifuged and tested within 1h after blood collection (T1h) and one was stored unspun for 4h at 

room temperature (in the range between +18°C and +25°C) before being centrifuged and 

immediately analyzed (T4h).  

 

 

 



7 

 

Patients, materials and methods  

 

Evaluated samples 

Venous blood was collected into polymer evacuated tubes containing 0.109 M sodium citrate (1 

vol./9 vol.) (Vacutainer, Becton-Dickinson, Le-Pont-de-Claix, France), according to international 

recommendations [10]. Blood samples were routinely handled according to the current 

recommendations for the preanalytical phase [11,12]. Accordingly, plasma was obtained by 

centrifugation at 2,200 x g and +18°C for 15 minutes (min), and the delay between centrifugation 

and analysis was below 10 min.  

 

Patients 

During the 2 month-duration of the study, 138 samples were received in a single accredited 

laboratory. Incomplete doublets of tubes (n=2), underfilled tubes (n=2) or hemolyzed samples 

(n=1) were excluded from the study. Similarly, test results with a baseline anti-Xa activity below the 

lower limit of quantitation of the technique (n=7) or above the upper limit of the calibration curve 

(n=1) were not included in the statistical analysis, and the same applied to samples with aPTT at 

T0 above 150 sec. (n=3, including the sample with a high anti-Xa activity). Finally, we evaluated 

one hundred and twenty-three samples obtained from 56 patients. There were 34 males and 22 

females, with a mean age of 66.5 years (range: 19 - 96). Indication of UFH therapy was a recent 

ischemic stroke in all cases. Even though the standard treatment in the acute phase of stroke is 

aspirin and low molecular weight heparin in preventive doses, unfractionated heparin was used in 

patients considered to be at high embolic risk, particularly valvular or non-valvular atrial fibrillation, 

who had extensive cerebral ischemia and therefore risk of hemorrhagic transformation. The choice 

of UFH was made in these cases as a precautionary measure to closely monitor the 

anticoagulation and to keep the possibility of stopping in the event of hemorrhagic transformation. 

None was treated with any antiplatelet agents e.g. aspirin at the time of the blood sampling. In 

addition, it could be mentioned that none of the patients included in this study had renal failure. 

Moreover, IV UFH has never been used in the acute phase of stroke, particularly after thrombolysis 
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(n=8). UFH was administered using the IV route in all patients, but one in whom the SC route was 

used, with a mean daily UFH dosage of 21.000 international units (IU) (range: 13.500 - 42.000). 

The study was carried out in accordance with The Code of Ethics of the World Medical Association 

(Declaration of Helsinki) for experiments involving humans, after being approved by the local 

Ethics Committee. All patients gave their informed consent to participate in the study. 

 

Materials and methods  

Anti-Xa activity, expressed in IU/mL, was evaluated using a commercially available chromogenic 

substrate-based assay (Biophen Heparin LRT, Hyphen Biomed, Neuville-sur-Oise, France). The 

calibration curve was performed using a set of calibration plasmas (Biophen Heparin Calibrator) 

from the reagent manufacturer (Hyphen Biomed) traceable to the National Institute for Biological 

Standards and Control (NIBSC) / World Health Organization (WHO) 3rd international standard for 

LMWH. The upper limit of the calibration curve was 1.32 IU/mL using the specific lot of reagent 

used, and the lower limit of quantitation was 0.10 IU/mL. The within-run precision of the technique, 

evaluated as the coefficient of variation (CV, in %) using lyophilized plasma samples, was in the 

range from 8.6% (for a mean anti-Xa activity=0.17 IU/mL) to 2.8% (for a mean anti-Xa activity=0.45 

IU/mL) whereas the between-run CV was in the range from 8.6% (for a mean anti-Xa activity=0.20 

IU/mL) to 2.1% (for a mean anti-Xa activity=0.44 IU/mL), as mentioned in the reagent package 

insert (version 01-2017). The locally defined imprecision of the technique was 16% for anti-Xa 

activities around 0.50 IU/mL. 

In order to confirm our results, we evaluated in a subset of samples (n=62) another chromogenic 

assay (HemosIL Liquid Heparin, Instrumentation Laboratory, IL, Bedford, MA, USA) that was 

calibrated using a dedicated lyophilized set of calibration plasmas (HemosIL Calibrators, IL) 

traceable to the NIBSC / WHO international standards for UFH (6th) and LMWH (3rd). The upper 

limit of the calibration curve was 2.0 IU/mL using the specific lot of reagents used and the lower 

limit of quantitation was 0.10 IU/mL. The within-run precision of the technique, evaluated as the CV 

using lyophilized plasma samples, was in the range from 1.9% (for a mean anti-Xa activity=0.33 
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IU/mL) to 1.3% (for a mean anti-Xa activity=0.63 IU/mL) whereas the total CV was in the range 

from 4.0% to 2.0% respectively, as mentioned in the reagent package insert (version 06/2017). 

The usual anti-Xa activity therapeutic range for UFH treatments was between 0.30 and 0.70 IU/mL 

for both reagents [3]. 

APTT, expressed both as the clotting time (in seconds, sec) and as the patient-to-control ratio, was 

evaluated using the HemosIL SynthASil reagent (IL). The control clotting time (30.9 sec) was 

defined as the geometric mean of aPTT measured in the plasma from at least 30 healthy 

individuals [13]. The aPTT therapeutic range, between 47.0 and 94.0 sec, corresponding to 

patient-to-control ratios in the range from 1.52 to 3.04, was calculated by plotting aPTT (y axis) vs. 

anti-Xa activity (x axis) evaluated in the plasma of 60 different patients on UFH and was defined to 

correlate with anti-Xa activity between 0.30 and 0.70 IU/mL [3]. The within-run precision of the 

technique, evaluated as the CV using lyophilized plasma samples, was in the range from 1.2% (for 

a normal control plasma with a mean aPTT=30.3 sec) to 0.9% (for a pathological control plasma 

with a mean aPTT=49.3 sec) whereas the total CV was in the range from 1.6% to 2.1% 

respectively, as mentioned in the reagent package insert (version 06/2017). The locally defined 

imprecision of the technique was between 3% for test results within the normal range and 7% for 

aPTTs close to 60 sec 

Single lots of these reagents were used throughout the study. All assays were automated on the 

ACL TOP 700 CTS (IL).  

 

Statistical Analysis 

As the distributions of the data were not found to be normal, anti-Xa activity and aPTT results were 

expressed as the median values with their ranges. Accordingly, analytical comparison of test 

results obtained at T4h and T1h was performed using the Wilcoxon signed rank test for paired 

samples, and the relationship between test results was evaluated using the Spearman's coefficient 

of rank correlation (rho). P values below 0.05 were considered to be significant. The mean bias 

(with 95% confidence interval, CI) between test results obtained at T4h and T1h were evaluated 

according to Bland-Altman [14]. The calculated mean bias for aPTT was compared to the desirable 
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bias derived from biologic variation (2.3%) that were published by Ricos C, et al. [15] and updated 

in electronic version [16], and with the recommended (90th percentile CI) limits of variations for 

hemostasis tests (18.6% for aPTTs between 33 and 50 sec., 14.6% for aPTTs between 50 and 70 

sec. and 12.6% for aPTTs above 70 sec.) published online by the GFHT [17]. The relationship 

between test results was tested according to Passing-Bablock. The concordance of test results as 

to whether test results were found within or outside the therapeutic range when measured at T4h 

and at T1h was evaluated using the kappa score. Usually, reliability was excellent when kappa 

scores were above 0.8, good when kappa scores were between 0.6 and 0.8, moderate when 

kappa scores were between 0.4 and 0.6, and poor when kappa scores were below 0.4 [18]. 

Statistical analysis was performed using the MedCalc software (v.18.11.6, MedCalc Software 

bvba, Ostend, Belgium). 



11 

 

Results  

 

Anti-Xa activity 

Analytical comparison of anti-Xa activity measured after a 4h-storage (T4h) vs. T1h demonstrated 

a significant (p<0.0001) decrease from a median value of 0.40 IU/ml (range: 0.10 - 0.99) to 0.35 

IU/mL (range: 0.11 - 0.97) (Table 1), even though test results were found to be highly correlated 

(r=+0.961). The relationship between test results obtained at T4h and T1h, performed according to 

Passing and Bablock, was reported in the Figure 1 (panel A). Comparison of test results obtained 

at T4h and T1h, evaluated according to Bland and Altman, demonstrated a mean bias of -0.05 

IU/mL (95%CI=-0.13 +0.03) (Figure 2, panel A) corresponding to a mean decrease of 11.9% 

(95%CI=-36.1 +11.3) in the measured anti-Xa activity. The mean bias (in IU/mL) was identical for 

anti-Xa activities below (n=91, 74%) or above 0.50 IU/mL (n=32, 26%). Such a value was below 

the imprecision of the technique for values around 0.50 IU/mL (16%), even though it exceeded the 

between-run CV of the technique (see Patients, Materials and Methods part). Changes were of the 

same order of magnitude when we analyzed only the first sample collected from each of the 56 

patients on UFH (data not shown). If considering 0.30 and 0.70 IU/mL as the therapeutic range for 

anti-Xa activity, 12 cases (9.8%) of discrepancy as whether a test result was subtherapeutical, 

therapeutical or supratherapeutical were demonstrated. Most of them, corresponding to anti-Xa 

activities close to the lower limit of the therapeutic range, would not have induced any change in 

the management of anticoagulation therapy in most of these patients but in two cases (Table 2). 

The concordance as whether anti-Xa activity was found within or outside the therapeutic range 

when evaluated at T4h and at T1h was found to be excellent with a kappa score of 0.813 

(95%CI=0.712  0.914).  

In addition, we evaluated the impact of delayed measurement of anti-Xa activity in a subset of 67 

tubes that were centrifuged within one hour after collection and were stored capped without 

separation of the plasma in the vertical position at room temperature until 4h. Analytical 

comparison of anti-Xa activity measured in the same tubes demonstrated a significant (p<0.0001) 

decrease after a 4h-storage vs. T1h from a median value of 0.44 IU/ml (range: 0.10 - 0.89) to 0.42 
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IU/mL (range: 0.08 - 0.86), with a mean bias of -0.02 IU/mL (95%CI=-0.06 +0.03), whereas test 

result in the paired tubes left unspun for 4h (T4h) before being processed at the same time was 

0.39 IU/mL (range: 0.09 – 0.86). 

To confirm these results, the anti-Xa activity was evaluated using another chromogenic assay 

(HemosIL Liquid Anti-Xa), in a subset of 62 paired of tubes. Anti-Xa activity was significantly 

(p<0.0001) lower at T4h than at T1h: 0.32 IU/mL (range: 0.10 – 0.99) vs. 0.37 IU/mL (range: 0.11 – 

0.92), test results being highly correlated (r=+0.929). When compared according to Bland and 

Altman, test results evaluated at T4h vs. T1h showed a mean negative bias of -0.04 IU/mL 

(95%CI=-0.16 +0.08), identical for activities below (n=45, 75.8%) and above 0.50 IU/Ml (n=17, 

24.2%). This corresponded to a mean decrease of 10.7% (95%CI=-46.2 +24.8) in the measured 

anti-Xa activity using that assay. 8 cases of discordant test results (12.9%) were observed, most of 

them being found around the lower limit of the therapeutic range, without impact on the 

management of the anticoagulant therapy. The kappa score was found to be 0.750 (95%CI=0.596 

0.904). 

 

aPTT 

APTT was significantly shortened (p<0.0001) after a 4h-storage at room temperature vs. T1h: 46.6 

sec. (27.8 - 138.0) vs. 54.5 sec. (31.5 - 147.3) as shown in the Table 1, even though test results 

were found to be highly correlated (r=+0,927). The relationship between test results obtained at 

T4h and T1h, performed according to Passing and Bablock, was reported in the Figure 1 (panel B). 

The mean bias between test results obtained at T4h and T1h, evaluated according to Bland and 

Altman, was -7.9 sec (95%CI=-23.3 +7.5), as shown in Figure 2 (panel B). Such a bias 

corresponded to a mean decrease in aPTT ratio of -0.25 (95CI%=-0.75 +0.24) in absolute value, 

the relative change being of -12.1% (95CI%=-34.8 +10.6). That mean bias far exceeded the 

imprecision of the technique (between 3% for normal test results to 7% for aPTTs close to 60 sec., 

see Patients Materials and Methods part) and the desirable value of 2.3% recommended by Ricos 

et al. [15,16], but remained within the recommended (90th percentile CI) limits of variation for the 

bias recommended by the GFHT [17]).  
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If considering the aPTT therapeutic range between 47 and 94 sec. (or 1.52 and 3.04 when 

expressed as the patient-to-control ratio) that corresponded to anti-Xa activity between 0.30 and 

0.70 IU/ml, 29 cases of discordant test results (23.6%) were observed. Even though most of them 

were found around the lower and upper limits of the therapeutic range, such discrepant test results 

would have induced changes in the management of anticoagulation of 10 patients (Table 2). The 

concordance as whether aPTT results were found within or outside the therapeutic range when 

evaluated at T4h and T1h was good, with a kappa score of 0.661 (95%CI=0.556  0.766). 

The impact of delayed measurement of aPTT in plasma was evaluated in the subset of 67 tubes 

that were centrifuged within one hour after collection and were stored capped without separation of 

the plasma in the vertical position at room temperature until 4h. Analytical comparison of aPTT 

measured in the same tubes demonstrated a significant (p=0.0002) decrease after a 4h-storage 

vs. T1h from a median value of 56.6 sec (range: 31.5 – 141.1) to 53.0 sec (range: 29.1 – 134.2), 

with a mean bias of -3.5 sec (95%CI=-8.9 +2.0), whereas aPTT test result in the paired tubes left 

unspun for 4h (T4h) before being processed at the same time was 48.9 sec (range: 28.5 – 139.5). 
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Discussion 

 

Most current guidelines recommend performing tests aimed at monitoring UFH therapy as soon as 

possible after blood sampling, usually between 1h and 2h when blood is collected into citrated 

tubes [8,9]. That delay is far shorter than the usually recommended 4 hour-delay for most 

coagulation tests [8]. The rationale behind such a short delay relies on the potential for in vitro 

neutralization of UFH present in the patient’s blood by PF4 released from platelet α-granules after 

their activation during or after venipuncture [7]. PF4 is a chemokine of CXC subfamily that is stored 

in platelet α-granules and is released in the plasma after platelet activation [19]. Beside its main 

patho-physiological role in inflammation process by enhancing chemotaxis, release of histamine by 

monocytes, adhesion of eosinophils, abrogation of monocytes, apoptosis, and differentiation of 

monocytes into macrophages [19], released PF4 is able to bind with high affinity heparin, other 

polysaccharides as well as negatively charged compounds and so to neutralize their biological 

effects [7,20,21] that could lead to underestimate plasma heparin levels.  

To minimize that potential impact, the CLSI Guideline H21-A5 [8] recommends that testing for anti-

Xa activity or aPTT prescribed for monitoring UFH therapy has to be performed within 1 hour after 

sampling when blood is collected into citrated tubes. A similar recommendation was made by the 

GFHT for unspun citrated tubes, even though a 2 hour-delay between sampling and processing for 

unspun tubes, and a 4 hour-delay for collection tubes that were centrifuged within 1 hour were 

found to be acceptable [9]. However, evidences to support such recommendations are limited. 

Adcock et al. [22] in their seminal study, evaluated potential changes in aPTT test results after 

different storage times of either spun or unspun citrated tubes collected from patients on UFH. 

They concluded to a significant shortening effect of -15.3% (in relative value) starting after a 4h-

storage of unspun citrated tubes (n=8) compared to immediate determination (<1h), whereas 

changes were not significant for centrifuged tubes (n=14) (22). In the second part of their study 

they evaluated at shorter time intervals samples obtained from 3 patients on UFH and found a 

significant decrease in both anti-Xa activity and aPTT beginning for delays above 1 hour that 

correlated with an increase in plasma PF4 levels [22]. In a study evaluating samples collected from 
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44 patients on UFH, Ray M. [23] reported statistically significant decreases (around 3% in relative 

value) in aPTT and anti-Xa activity but without clinical relevance after a 100 min- vs. a 30 min-

storage of unspun citrated tubes. In the other hand, two studies reported significant prolongations 

in aPTT results after prolonged storage of unspun citrated tubes i.e. a +15.4% prolongation (in 

relative value) after an 8h-storage for Heil et al. [24] and +11.6% prolongation after a 6h-storage 

for Awad  et al. [25].  

The maximum delay between blood collection and analysis is indeed a critical point that must be 

precisely defined for each parameter to avoid sample deterioration that may invalidate analysis 

results. Actually, errors within the pre-analytical phase far exceed those occurring during the 

analytical and post-analytical phases, and account for around two third of the total errors recorded 

in medical laboratories (26), particularly for hemostasis tests [27,28]. Accordingly, accreditation 

bodies are increasingly requiring laboratories to take responsibility for the extra-analytical phase 

[29]. So, detailed information about pre-analytical conditions, particularly the delay between 

specimen collection, its delivery to the laboratory and its processing, has to be provided, according 

to the College of American Pathologists (CAP) checklist [30] and the International Organization for 

Standardization (ISO) 15189:2012 norm [31]. As the consequence of the economic pressure that 

led to a consolidation of clinical laboratories into so-called “core labs” in the last years, the delay 

between specimen collection and its delivery to the production site has dramatically increase due 

to longer distances between these two sites. In such conditions a 1 hour-delay should be a 

limitation, making these recommendations difficult to apply in routine practice. So, the potential 

impact of longer storage times needed to be further investigated. We here reported a decrease in 

anti-Xa activity when evaluated after a 4h-storage vs. a 1h-delay that had limited impact in the 

management of UFH therapy, even though it was statistically significant. Such a decrease was 

demonstrated both in unspun tubes and in centrifuged tubes kept capped without separation of the 

plasma at room temperature for 4h. However, the latter demonstrated smaller changes with a 

lower bias between test results (-0.02 IU/mL vs. -0.05 IU/mL) and a lower variability in the 

changes. Accordingly, the present results suggest that it seems to be acceptable extending to 4 

hours at room temperature the delay between blood collection and measurement of anti-Xa activity 
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prescribed for monitoring UFH treatments when blood is collected into citrated tubes, at least when 

evaluated using the two tested reagents. Of note, getting heparin dosing consistently into the 

therapeutic range, especially during initiation of anticoagulation in high-risk patients such as those 

who have suffered a recent stroke, is very challenging and lag in receiving results would surely 

further compromise quality of anticoagulation control. So, the recommendation is to process these 

samples as soon as possible, so that the clinical ward can adapt UFH dosage according to the 

results of biological tests such as anti-Xa activity. Nevertheless, our results suggest that a 4h-delay 

would be allowed for samples that need to be shipped off site for analysis. In such a case, if 

compatible with the patient’s state, the prescription of more modern anticoagulants with broader 

dose-response curves and not requiring laboratory monitoring could be a potential alternative to 

UFH. In contrast, as changes in aPTT results were found to be of a greater order of magnitude and 

potentially clinically relevant, recommending a shorter delay i.e. 1-2 hours should be justified. It 

could be mentioned that in order to circumvent the potential in vitro neutralization of UFH by PF4, 

an alternative option could be using collection tubes containing CTAD (tri-Na citrate, theophylline, 

adenosine, and dipyridamole) instead of tri-Na citrate as the anticoagulant solution [32]. CTAD is a 

mixture of anticoagulant and platelet inhibitors aimed at stopping platelet activation, and 

consequently the release of PF4. By “stabilizing” anti-Xa and aPTT test results in blood collected 

from heparinized patients, this would enable monitoring UFH treatments in samples collected up to 

4 hours prior [8,9,33]. Even though, the limited stability of the CTAD anticoagulant solution, 

particularly its high sensitivity to light [34], as well as the need for such a specific “non-

conventional” and more expensive collection tube precludes generalization of its use in routine 

coagulation testing.  

One potential limitation of the present study could be the inclusion criteria of the studied 

population. We decided to include patients with recent ischemic stroke and not VTE or ACS 

patients for logistical reasons as the Neurology Department was close to the laboratory. Even 

though the coagulation equilibrium could be different in these patients, difference in their response 

to UFH was very unlikely. In that connection, in a very recently published study (article made 

available on-line during the review process of our manuscript), Billoir P, et al. evaluated the 
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stability, of anti-Xa activity and aPTT, evaluated using other reagents, in uncentrifuged tubes 

collected from acute patients from medical and cardiac surgery ICUs of a French ternary hospital, 

who were treated with full dose UFH. As the result, after having evaluated the stability of these 

parameters for up to 8h, they concluded that anti-Xa could be validly evaluated in uncentrifuged 

citrated tubes collected 4h prior [35].   

In conclusion, the results of the present study suggest that the delay between blood collection and 

measurement of anti-Xa activity prescribed for monitoring UFH treatments could be safely 

extended to 4h. As changes in aPTT were more clinically relevant, the maximum delay should 

remain around 1-2h. These finding could provide another clue, beside the better standardization, to 

promote the use of anti-Xa activity instead of aPTT for monitoring UFH therapy. 
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T1h 

 

 
T4h 

 
p* 

 
Bias** (95% CI) 

 
Anti-Xa Hyphen (IU/mL) 
 

 
0.40 (0.10 - 0.99) 

 
0.35 (0.11 - 0.97) 

 
<0.0001 

 
-0.05 (-0.13  +0.03) 

 
 
aPTT SynthASil (sec) 
                          (ratio) 
 

 
54.5 (31.5 - 147.3) 
1.76 (1.02 - 4.75) 

 
46.6 (27.8 - 138.0) 
1.50 (0.96 - 4.45) 

 
<0.0001 
<0.0001 

 
-7.9 (-23.3 +7.5) 

-0.25 (-0.75  +0.24) 
 

 

Table 1: Anti-Xa activity (in IU/mL) and aPTT (expressed in sec. and as the patient to control ratio) evaluated in 123 plasma samples from patients 

treated with unfractionated heparin. Measurement was performed within 1 hour after blood collection (T1h) and after a 4 hour-storage (T4h) of unspun 

collection tubes at room temperature. Test results were expressed as the median values with their ranges. 

* Analytical comparison was performed using the Wilcoxon test for paired results; ** Bias (with 95% confidence interval, CI) was calculated according 

to Bland and Altman 
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Test result within the therapeutic 
range at T1h and below it at T4h 
 

 
Test result above the therapeutic 
range at T1h and within it at T4h 
 

 
Anti-Xa Hyphen (IU/mL) 
 
n=12/123 (9.8%) 

 
0.32/0.23 ; 0.34/0.18 ; 0.34/0.28 
0.35/0.27 ; 0.35/0.28 ; 0.36/0.29 
0.38/0.24 ; 0.38/0.28 ; 0.44/0.29 
0.35/0.28 ; 0.37/0.26  
 

 
0.73/0.67 

 
aPTT SynthASil (ratio) 
 
n=29/123 (23.6%) 

 
1.53/1.09 ; 1.55/1.49 ; 1.55/1.41 
1.56/1.25 ; 1.57/1.19 ; 1.57/1.24 
1.58/1.22 ; 1.59/1.21 ; 1.59/1.42 
1.63/1.37 ; 1.64/1.37 ; 1.70/1.49 
1.73/1.33 ; 1.76/1.38 ; 1.80/1.50 
1.83/1.43 ; 2.03/1.41 ; 2.31/1.45 
2.00/0.95 
 

 
3.06/2.50 ; 3.06/2.97 ; 3.09/2.56 
3.13/2.86 ; 3.16/2.51 ; 3.16/2.80 
3.17/2.84 ; 3.44/2.40 ; 3.16/3.01 
3.39/2.63 

 
Table 2: Discrepant anti-Xa activity and aPTT test results measured in citrated tubes within 1 hour 

(T1h) after blood collection and after a 4 hour-storage (T4h) of unspun collection tubes at room 

temperature before being centrifuged and subsequently analyzed. 
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Legends to the Figures 

 

Figure 1: Relationship according to Passing-Bablock of anti-Xa activity (in IU/mL, panel A) and 

activated partial thromboplastin time (aPTT, expressed in sec, panel B) evaluated after a 4h- (T4h, 

y axis) vs. a <1h-storage (T1h, x axis) at room temperature of unspun citrated blood tubes (n=123) 

collected from patients treated with unfractionated heparin.  

 

Figure 2: Comparison, performed according to Bland-Altman, of anti-Xa activity (in IU/mL, panel A) 

and activated partial thromboplastin time (aPTT, is sec, panel B) measured after a 4h- (T4h) vs. a 

<1h-storage (T1h) at room temperature of unspun citrated blood tubes (n=123) collected from 

patients treated with unfractionated heparin.  Results are plotted as the test results measured at 

T1h (x axis) vs. the differences in anti-Xa or aPTT (y axis). 
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