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(most typically for selected biochemical assays or 
blood gas analysis) (Table 1). Accordingly, UFH is 
fairly common in the hospital setting. Therefore, 
a chance that a patient’s sample contains hepa­
rin is high in laboratory practice. In fact, UFH 
may be present in samples used for monitoring 
patients on UFH therapy,2,3 but it may also un­
desirably interfere with many laboratory tests.4

The aim of this manuscript is to review UFH 
from the perspective of optimizing laboratory 
testing. We will consider both monitoring of UFH 
therapy and methods to avoid unwanted inter­
ference in laboratory tests, or, if avoidance is not 
possible, methods to overcome such interference.

Unfractionated heparin for patient treatment and mon-
itoring  UFH is a relatively common and inexpen­
sive drug widely used to treat patients with re­
cent thrombosis and / or to prevent thrombosis re­
currence.2,5,6 UFH is typically given by parenteral 

Introduction  Unfractionated heparin (UFH) is 
commonly used as an anticoagulant. UFH rep­
resents a total fraction of heparin derived from 
sources such as porcine mucosa,1 and its molec­
ular weight ranges from 5000 to 30 000 Da, with 
an average of 15 000 Da.2 Contrary to that, low­
‑molecular‑weight heparin (LMWH), as its name 
implies, is a subfraction of UFH, with average mo­
lecular weight around 4500 Da.2 LMWH is also 
commonly used as an anticoagulant. UFH and 
LMWH may be differentially administered to pa­
tients, depending on clinical or therapeutic con­
siderations.2 In addition, UFH may be used for 
other reasons.

UFH is widely employed in 1) anticoagulation 
of patients to help treat and / or prevent thrombo­
sis, 2) maintenance of patency in artificial blood 
flow circuits (eg, extracorporeal membrane ox­
ygenation [ECMO]), and 3) anticoagulation of 
blood samples collected for laboratory testing 
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Abstract

Unfractionated heparin (UFH) serves as a commonly used anticoagulant. It is widely utilized for a variety 
of reasons, including to 1) anticoagulate patients and help treat and / or prevent thrombosis, 2) maintain 
patency in artificial blood flow circuits, and 3) anticoagulate blood samples collected for laboratory 
testing (typically for biochemical assays or blood gas analysis). As such, the presence of UFH is nearly 
ubiquitous in a hospital setting. Therefore, in laboratory practice, UFH may be present in samples intended 
for monitoring patients on UFH therapy or intended for biochemical tests, or it may interfere with other 
(hemostasis) laboratory tests. The aim of this manuscript is to review the role of UFH from the perspective 
of optimizing laboratory testing to monitor UFH therapy and to avoid or overcome unwanted interference 
with other laboratory tests.
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When indicated, laboratory monitoring of UFH 
therapy is typically accomplished using either 
an activated partial thromboplastin time (APTT) 
or an anti‑factor Xa (anti‑Xa) assay.3,9-12 In either 
case, these assays are based on established ther­
apeutic intervals (therapeutic reference range 
[TRR]) to maintain patients within a safe ther­
apeutic UFH range, since too low a level of UFH 
poses a risk of VTE recurrence, and too high of 
bleeding.3,10 For the chromogenic anti‑Xa assay, 
the most common TRR used is 0.3–0.7 U/ml. For 
the APTT, the most common TRR is based on local 
equivalence (ie, using the local type of APTT re­
agent) to the range of 0.3–0.7 U/ml in the anti‑Xa 
assay. The presence of UFH may also undesirably 
interfere with other clotting assays. Similarly, fac­
tors other than UFH may affect APTT and anti­
‑Xa assays.3,9 -12

Unfractionated heparin for catheter and circuit 
patency  UFH is also widely used for maintaining 

route (ie, injected intravenously [IV] as sodium 
heparin] or subcutaneously [SC] as calcium hep­
arin], depending on the clinical indication).7 For 
example, UFH may be given for prophylaxis to 
medical or surgical patients at a risk of venous 
thrombosis (typically SC at smaller fixed doses 
without a need for laboratory monitoring) or ad­
ministered due to a recent venous thromboem­
bolic event and to prevent its recurrence (typical­
ly IV at higher doses and with laboratory moni­
toring). For the latter, UFH is usually used to ini­
tiate anticoagulation, with the aim of transition 
to another, typically oral, anticoagulant for long­
‑term management. This transition may be to a vi­
tamin K antagonist (VKA), for example warfarin 
or other coumarins, or to a direct oral anticoag­
ulant (DOAC), such as dabigatran, rivaroxaban, 
apixaban, or edoxaban. Furthermore, UFH is used 
in management of acute coronary syndromes to 
prevent coronary artery intraluminal thrombus 
extension and recurrence.8

TABLE 1  Sources of heparin in laboratory samples

Source of heparin Intended use Effect on hemostasis assay Solution / action

UFH for prophylaxis Prevention of VTE in 
medical and surgical 
patients

• Prolongation of APTT and TT
• Interference with any assay depending on 

anti‑Xa or anti‑IIa activity

• Clinicians should advise a laboratory of 
patient’s treatment
• The laboratory shoud recognize UFH as 

an assay‑interfering factor

UFH for treatment Treatment of 
VTE / prevention of 
recurrence

• Prolongation of APTT and TT
• Prolongation of dRVVT and PT if UFH level 

exceeds heparin neutralizing ability of a 
reagent
• Interference with any assay depending on 

anti‑Xa or anti‑IIa activity

• Clinicians should advise a laboratory of 
patient’s treatments
• Monitor UFH by APTT or anti‑Xa assay

LMWH for prophylaxis Prevention of VTE in 
medical and surgical 
patients

• Mild prolongation of APTT
• Interference with any assay depending on 

anti‑Xa activity

• Clinicians should advise a laboratory of 
patient’s treatment
• The laboratory should recognize LMWH 

as an assay‑interfering factor

Other treatments (ACS, 
PCI, STEMI, non‑STEMI, 
unstable angina)

Prevention of coronary 
artery intraluminal 
thrombus extension and 
recurrence

• Prolongation of APTT and TT
• Interference with any assay depending on 

anti‑Xa or anti‑IIa activity

• Clinicians should advise a laboratory of 
patient’s treatment
• Monitoring with APTT or anti‑Xa may be 

indicated

Heparin for maintaining 
catheter patency, flushing 
catheters, ECMO, dialysis, 
etc.

Prevention of thrombosis 
or blockage in a catheter 
or artificial blood flow 
circuits

• Prolongation of APTT and TT
• Prolongation of dRVVT and PT if UFH level 

exceeds heparin neutralizing ability of a 
reagent
• Interference with any assay depending on 

anti‑Xa or anti‑IIa activity

• Clinicians should advise a laboratory of 
patient’s treatment
• The laboratory should recognize heparin 

as an assay-interfering factor

Sodium heparin 
anticoagulated blood 
collection tubes

Measurement of certain 
biochemical parameters 
(eg, lithium)

• General prolongation of all clot‑based 
assays
• Interference with any assay depending on 

anti‑Xa or anti‑IIa activity

• Blood collectors should not top up 
underfilled citrate blood collection tubes 
with blood from other collection tubes
• The laboratory should run tests for so‑

dium level if contamination with sodium 
heparin is suspected

Lithium heparin 
anticoagulated blood 
collection tubes

Measurement of certain 
biochemical parameters 
(eg, electrolytes)

• General prolongation of all clot‑based 
assays
• Interference with any assay depending on 

anti‑Xa or anti‑IIa activity

• Blood collectors should not top up 
underfilled citrate blood collection tubes 
with blood from other collection tubes
• The laboratory should run tests for 

lithium level if contamination with 
lithium heparin is suspected

Abbreviations: ACS, acute coronary syndrome; anti‑IIa, antithrombin assay; anti‑Xa, anti–activated factor X assay; APTT, activated partial 
thromboplastin time; dRVVT, diluted Russell viper venom time; ECMO, extracorporeal membrane oxygenation; LA, lupus anticoagulant; LMWH, low
‑molecular‑weight heparin; PCI, percutaneous coronary intervention; PT, prothrombin time; STEMI, ST‑segment elevation myocardial infarction;  
TT, thrombin time; UFH, unfractionated heparin; VTE, venous thromboembolism
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assays, cytogenetic assays, and flow cytometry 
tests. Lithium heparin may be used for blood col­
lection for some clinical chemical and trace ele­
ment testing, including sodium levels. The hepa­
rin concentration in these blood collection tubes 
can be as high as 10 IU/ml. If heparinized blood 
is included in a sample intended for testing in 
a hemostasis or coagulation laboratory, it may 
interfere with an assay and generate unreliable 
test results.21 Heparinized samples are also typi­
cally unsuitable for hematologic testing, as hep­
arin interferes with most staining reagents, caus­
ing cells to clump and invalidating blood counts.

Laboratory monitoring of unfractionated heparin 
therapy  As mentioned above, UFH therapy can 
be monitored using either the anti‑Xa or APTT as­
say. There are advantages and limitations to either 
approach.3,9 -13 The anti‑Xa method is considered 
superior and more advantageous than the APTT 
for several reasons (Table 2). First, it is a more di­
rect method of assessing UFH activity, and does 
not require establishing a TRR. The assays are 
available from most manufacturers of hemosta­
sis reagents, and the established TRR is general­
ly taken to be 0.3–0.7 U/ml. This TRR does not 
change with different lots of the test reagents. 
The assays can be fully automated and run in con­
tinuously operating (24 hours/day, 7 days/week) 
laboratories. Each assay includes a calibration 
curve, derived from a calibrated reference sam­
ple supplied with the assay kit, from which a pa­
tient’s UFH level can be estimated.

The anti‑Xa method is also less susceptible 
to assay interference, as, in contrast to APTT, it 
is not influenced by the presence of lupus anti­
coagulant (LA), factor (F) deficiency (especially 

catheter patency, and preventing clot formation 
and / or blockage within a variety of arterial and 
venous catheters.13-15 Here, UFH may be used to 
fill a catheter or flush it between uses. UFH is also 
commonly used as an anticoagulant during renal 
dialysis16 or ECMO treatment,17,18 that is, a form 
of life support for people with life‑threatening ill­
nesses or injuries that affect functioning of their 
heart or lungs. In some situations, patients may 
be on ECMO for months. For such applications, 
UFH level is not normally monitored, but its pres­
ence in blood should be considered for assess­
ment of various hemostasis parameters, since 
it may generate unwanted interferences in lab­
oratory assays.

Heparin and COVID‑19  COVID‑19 is a widely ac­
knowledged prothrombotic condition, with hos­
pitalized patients commonly anticoagulated, usu­
ally with heparin.19 Of particular relevance to 
the readership of this paper are recent recom­
mendations on the management of COVID‑19, 
including heparin therapy, recently published 
by the Polish Association of Epidemiologists and 
Infectiologists.20

Unfractionated heparin and blood collection  UFH 
is commonly used for collecting blood for blood 
gas analysis. Lithium heparin concentration in 
these samples may be as high as 40 IU/ml. Thus, 
small amounts of blood contaminated with hep­
arin appear when needles are subsequently used 
for collection of blood for other tests, especial­
ly hemostasis assays. These amounts may act as 
interferents in these other assays. Sodium hep­
arin blood collection tubes may alternatively be 
used for testing lithium levels, some immunologic 

TABLE 2  Advantages and limitations of monitoring with anti‑factor Xa assay vs activated partial thromboplastin time

Assay Advantages / benefits Limitations / disadvantages

Anti‑Xa 
assay

• Does not require establishing a TRR, which is 
assumed to be 0.3–0.7 U/ml
• More direct measurement of heparin anti‑Xa 

activity than APTT
• Can also be used to measure LMWH and 

other anti‑Xa agents, including DOACs (eg, 
rivaroxaban, apixaban, edoxaban)
• Not affected by the presence of LA or factor 

deficiency (eg, FXII)
• Not affected by the presence of acute phase 

proteins (eg, fibrinogen, FVIII)

• More expensive than APTT
• Small laboratories may not be able to utilize test 

reagents before they expire (high wastage)
• Not specific for UFH, LMWH, or DOAC (ie, the pres‑

ence of any anti‑Xa agent influences the assay)
• Requires assay‑specific calibrators for UFH, LMWH, 

rivaroxaban, apixaban, or edoxaban according to 
the measured drug
• Does not measure anti‑IIa activity
• Different anti‑Xa methods may or may not include 

exogenous dextran sulphate or antithrombin, which 
may result in different sensitivity of the assay to 
heparin

APTT • Cheaper to perform than anti‑Xa assay
• Once established for a particular reagent lot, 

can utilize the same TRR across a network of 
laboratories using the same reagent lot

• Requires establishing of an APTT TRR that is equiva‑
lent to an anti‑Xa TRR of 0.3–0.7 U/ml
• Requires checking and potential re‑establishing of 

the APTT TRR with each change of the reagent lot
• Less direct measure of heparin activity than anti‑Xa 

assay
• Affected by many other drugs, factor deficiencies 

(eg, FXII) or inhibitors (eg, LA), compromising ac‑
curacy of heparin monitoring

Abbreviations: DOAC, direct oral anticoagulant; F, factor; LA, lupus anticoagulant; TRR, therapeutic reference range; 
others, see Table 1
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drug levels. In other words, should a patient be 
transitioned from heparin to a direct anti‑Xa 
agent, the anti‑Xa level will reflect a combina­
tion of heparin and direct anti‑Xa agent activ­
ity, and thus the test results of the anti‑Xa as­
say (eg, calibrated to heparin) will be inaccurate. 
Naturally, the same applies to the APTT, that is, 
its total prolongation reflects a composite of an­
ticoagulant effects.

In contrast with the anti‑Xa method, the APTT 
method requires establishing a TRR for every 
APTT reagent, since the sensitivity of an APTT re­
gent to heparin differs according to both the local 
reagent and instrument used.9,11,27 This TRR also 
requires check‑up and potential revision with ev­
ery change to the APTT reagent lot. Such chang­
es cause substantial problems for clinical, nurs­
ing, or pharmacy staff monitoring the patients 
on UFH, since corrections to established dosing 
algorithms and ongoing staff retraining may be 
required. As the range of 0.3–0.7 U/ml associat­
ed with the anti‑Xa testing, the TRRs of APTT 
have also been established based on small his­
toric studies, and have never been validated in 
any large clinical trial.10 As also noted previously, 
the APTT may be affected by a wide range of fac­
tors unrelated to heparin, increasing in the pres­
ence of LA and factor deficiencies (eg, FXII), and 
decreasing in the presence of acute phase pro­
teins, such as fibrinogen and FVIII. As all these 
affect baseline APTT values, addition of heparin 
may lead to excessive APTT of expected TRRs in 
the first scenario, and the effect of heparin resis­
tance in the second scenario.

An advantage of the APTT assay is its general­
ly lower cost than of the anti‑Xa one. It also cap­
tures anti‑IIa activity, and thus yields a compos­
ite of anticoagulation for UFH monitoring. Thus, 
thanks to its more general use, the APTT meth­
od may be preferred in smaller or satellite labo­
ratories, and the APTT may also be used in some 
laboratories as a screen of hemostasis (eg, to de­
tect factor deficiencies or identify LA), or to mon­
itor disseminated intravascular coagulation.9 On 
the other hand, this broader sensitivity may con­
found the results of the APTT assays for UFH 
monitoring. For example, patients with LA and 
with FXII deficiency may need to be monitored 
when on UFH therapy, and for them the APTT is 
generally not suitable, since their baseline APTT 
is elevated, and the use of standard therapeutic 
intervals will generally lead to suboptimal anti­
coagulation and increased risk of thrombosis.

In summary, the anti‑Xa assays can be consid­
ered advantageous over the APTT testing in all 
clinical settings, ensuring that the test results can 
be provided to a requesting clinician in a time­
ly manner. 

Heparin resistance  Heparin resistance reflects 
a state in which more heparin than expected 
needs to be administered to a patient to achieve 
a  test result within an  expected therapeutic 
range.22 For APTT‑based monitoring, the most 

FXII), or acute phase proteins, such as fibrino­
gen and FVIII. Both LA and mild FXII deficien­
cy are fairly common causes of APTT prolonga­
tion. On the other hand, the presence of acute 
phase proteins is also a potential cause of APTT 
shortening; these proteins are commonly released 
during infection or inflammation. In such cases, 
the effect on the APTT may be so called “hepa­
rin resistance,”22 since more heparin is required 
to raise the APTT to a within‑therapy range. This 
may be particularly relevant in the intensive care 
unit setting. In general, the anti‑Xa assay is suffi­
cient for heparin monitoring without a need for 
APTT testing, unless there are concerns regard­
ing test results, and when APTT serves as a sec­
ond, confirmatory measure of heparin effect. If 
the anti‑Xa assay is not available, the APTT meth­
od can be used.

Theoretical disadvantages of the anti‑Xa meth­
od include its higher costs of individual proce­
dures than of standard APTT assays. However, 
the cost is even higher if UFH monitoring is infre­
quently performed at a given site. In such cases, 
the assay kit may expire before the reagent is fully 
utilized; thereby, the cost per test is considerably 
higher than the theoretical cost based on feasible 
tests / kits. Also, anti‑Xa testing only measures 
the anti‑Xa activity of heparin, and does not mea­
sure anti‑IIa activity, with UFH having an anti‑Xa 
to anti‑IIa ratio of approximately 1:1. In contrast, 
the APTT assay provides a measure of anti‑IIa 
activity. Importantly, different anti‑Xa methods 
may be available, and they may yield slightly dif­
ferent results. In particular, some methods in­
volve dextran sulphate or require an addition of 
exogenous antithrombin, whereas others do not. 
In the presence of high concentrations of dextran 
sulphate, FXa inhibition is much stronger than 
that predicted from added UFH amounts,23,24 
which is presumably related to greater availabil­
ity of UFH for interaction with antithrombin in 
the assay. As for antithrombin, its inclusion in 
an antithrombin assay may artificially increase 
the perceived anti‑Xa effect, and may not accu­
rately reflect actual in vivo anticoagulation, es­
pecially if a patient has reduced antithrombin 
levels. Finally, the accepted therapeutic range of 
0.3–0.7 U/ml derives from small historic studies, 
and has never been validated in any large clinical 
trial.3,10 Nevertheless, the anti‑Xa method is gen­
erally preferred in larger facilities that perform 
frequent UFH monitoring.

It can also be noted that the anti‑Xa assay is not 
specific to UFH, and can be potentially used for 
monitoring or measuring the level of any anti‑Xa 
therapeutic agent, including LMWH, and direct 
anti‑Xa agents, such as rivaroxaban, apixaban, 
and edoxaban.25,26 For such purposes, the anti‑Xa 
assay is calibrated with a specific drug of interest, 
and optimized to be linearly sensitive to expect­
ed TRRs or “within therapy” ranges. Neverthe­
less, each anti‑Xa agent can be seen as an assay­
‑interfering factor when a different anti‑Xa agent 
is being measured for the purpose of measuring 
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patients undergoing UHF therapy. As many oth­
er factors affect the APTT, the assessment must 
avoid using samples from patients on other anti­
coagulant therapies (including VKAs or DOACs), 
patients with liver disease, or those with factor 
deficiencies (especially FXII), and also those with 
LA. For example, it is common to select samples 
from patients with normal prothrombin time (PT) 
or international normalized ratio (INR) test re­
sults, and preferably also with normal baseline 
(preheparin) APTT test results. The number of pa­
tient samples required to establish a TRR is debat­
able, but at least 20 are required.28 The more pa­
tient samples are used, the more accurate the es­
tablished TRR for UFH monitoring. These pa­
tient samples are tested with both the APTT and 
anti‑Xa assays, and the results are plotted. Outli­
er data points are removed, and the data are re­
plotted.9,29 An example from one of our labora­
tory networks is shown in Figure 1, with workflow 
explained in the figure legend. In this network­
‑based analysis, several rounds of outlier remov­
al were undertaken to improve the relationship 
before settling on a final TRR.

Minimizing heparin interference in hemostasis testing  
While during laboratory monitoring of heparin 
therapy the presence of heparin in a blood sam­
ple is expected, the drug interferes with a range 
of hemostasis assays (Table 3). The best option 
for assessing hemostasis in such patients is to 
avoid heparin contamination, including possi­
ble contamination from heparin therapy, hep­
arin flushes, or heparinized blood. Some hemo­
stasis reagents are manufactured to be insensi­
tive to therapeutic heparin levels. For example, 
PT reagents often contain heparin neutralizers 
to make them insensitive to therapeutic levels 
of heparin and thus more appropriate to assess 
specific VKA effects (ie, when used as the INR for 
monitoring VKA therapy). Diluted Russell viper 
venom time reagents used to assess a potential 
presence of LA are also generally made insensi­
tive to therapeutic levels of heparin. This is high­
ly desirable, as LA is often assessed  in patients 
after a thrombotic event, and possibly on hepa­
rin therapy at the time of LA testing. Unfortu­
nately, since APTT reagents may be also used to 
monitor UFH therapy, UFH interference becomes 
problematic when assessing LA. Although it may 
be ideal to have manufacturers produce different 
versions of the APTT reagents (ie, sensitive to 
UFH for UFH level monitoring and insensitive to 
UFH for LA testing), such reagents are current­
ly unavailable. Instead, heparin can be neutral­
ized with CaCl2 containing a heparin neutraliz­
er.30 A laboratory can have 2 different CaCl2 solu­
tions to use with their APTT reagents—one with­
out a heparin neutralizer, which can be used for 
UFH monitoring, and one with the heparin neu­
tralizer, which can be used for LA testing. Final­
ly, it is crucial that clinicians inform laboratories 
about the anticoagulation status of their patients 
when they order hemostasis assays. Indeed, we 

common causes of heparin resistance is the pres­
ence of acute phase proteins (such as fibrinogen 
and FVIII) due to an infection or inflammation. In 
such cases, their presence may decrease the base­
line APTT, and more heparin is needed to bring 
the APTT into the TRR. An alternative form of 
heparin resistance that may affect the anti‑Xa as­
say is the presence of antithrombin deficiency, es­
pecially if the anti‑Xa kit does not include exog­
enous antithrombin, and as heparin is an indi­
rect anticoagulant requiring the presence of an­
tithrombin to generate anti‑Xa activity.

To evaluate these possibilities in individ­
ual patients, further testing may be required 
(ie, fibrinogen and FVIII testing in the case of 
APTT‑based heparin resistance, and antithrom­
bin testing in the case of anti‑Xa–based heparin 
resistance). In the case of the APTT‑based heparin 
resistance, preferential patient assessment with 
the anti‑Xa method is recommended. In the case 
of anti‑Xa–based heparin resistance, consider­
ation should be made to increase antithrombin 
levels if antithrombin deficiency is found.22

Optimizing laboratory unfractionated heparin monitor-
ing with the anti‑Xa method  Although the anti‑Xa 
assay is a more direct measure of heparin activi­
ty, and is less affected by interferences that may 
affect the APTT, it is not specific to heparin. 
The assay is made more specific for any agent by 
using specific calibrators, but any drug that ex­
presses anti‑Xa activity interferes with the as­
say results and thus potentially compromises 
its utility for specific drugs. Thus, UFH, LMWH, 
fondaparinux, and other anti‑Xa agents, includ­
ing some DOACs (rivaroxaban, apixaban, edoxa­
ban), influence the test results, and the accuracy 
for a given drug effect is only guaranteed when 
a patient is only on that drug, and does not take 
any other anti‑Xa agents. Moreover, blood for this 
assay is collected into sodium citrate anticoagu­
lant tubes, and any contamination of the blood 
with heparin‑anticoagulated samples must be 
avoided, so as to accurately assess the patient’s 
heparin level. This includes situations in which 
inexperienced clinicians, seeing an underfilled ci­
trate anticoagulant tube that may be rejected by 
a laboratory, top up that blood tube with blood 
from another tube to make it acceptably full for 
the laboratory.

Optimizing laboratory unfractionated heparin moni-
toring with the activated partial thromboplastin time 
method   Each APTT reagent used to monitor 
heparin therapy requires establishing the APTT 
TRR.9-11 APTT reagents differ in their sensitivi­
ty to heparin, and to be used for heparin mon­
itoring they have to have good linear sensitiv­
ity to UFH over the expected TRR reflected by 
0.3–0.7 U/ml in the anti‑Xa assay (or heparin lev­
el of 0.2–0.4 U/ml in protamine sulfate titration 
may be used in some laboratories). The use of dif­
ferent instruments also influences the TRR.27 To 
establish the TRR, a laboratory needs an access to 
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Topping up underfilled sodium citrate blood col­
lection tubes with blood from another tube inev­
itably affects clot‑based assays. Even topping up 
with blood from another sodium citrate blood col­
lection tube may lead to an excess of citrate anti­
coagulant. Consequently clot test times may be 
falsely prolonged, and discrete analytes, such as 
factors may be diluted, yielding false low levels. 
Topping up an underfilled sodium citrate blood 
collection tube with blood from a heparin anti­
coagulated blood collection tube results in high 
heparin levels in the topped‑up tube, prolonga­
tion of most clot‑based assays, as well as interfer­
ence with any assay that depends on the anti‑Xa 
or anti‑IIa (thrombin) activity. It is nearly im­
possible to neutralize such high levels of hepa­
rin to enable hemostasis assays to be performed, 

mandate such disclosure in our Westmead labo­
ratory for electronic orders.

Education of blood collection staff is also man­
datory. Professional phlebotomists tend to be well 
educated and experienced, and generally know 
that each blood collection tube has a particular 
purpose, and do not mix blood from different 
collection tubes. Inexperienced blood collectors, 
especially clinicians under training, may be less 
knowledgeable. In particular, if in the past they 
supplied a laboratory with an underfilled sodium 
citrate blood collection tube and the laboratory 
consequently cancelled the tests, such inexperi­
enced collectors may be tempted to ensure that 
they fill the underfilled sodium citrate blood col­
lection tube with blood from another tube. Col­
lectors should be trained to simply never do this. 

Figure 1�  An example of establishing activated partial thromboplastin time (APTT) therapeutic reference range (TRR) 
for unfractionated heparin (UFH). These data reflect the use of data points from several centers within New South Wales 
Health Pathology to enable optimized assessment. In the first round, all potentially suitable patient sample data points 
identified for patients on UFH are assessed for both APTT and anti‑factor Xa in a chromogenic assay. Only data from 
the patients with normal prothrombin time and international normalized ratio (<1.2) are included to avoid capturing 
the patients on vitamin K antagonist therapy. Also, samples should preferably be collected from patients with originally 
normal baseline APTT values. Data from several partner sites permit inclusion of more data points, especially 
considering difficulties with obtaining sufficient data points from a single site. The data points are preferably tested 
fresh (ie, without freezing / thawing). However, the data points can be supplemented with frozen / thawed plasma 
samples (eg, archived material), providing that the samples undergo double centrifugation to remove platelets, which if 
included release heparin‑neutralizing components (eg, platelet factor 4) and phospholipids that may promote coagulation 
activation. Despite this, some outlier data are evident in the first round (A) (red symbols). These may indicate samples 
with unrecognized coincident factor deficiency (eg, factor XII) or lupus anticoagulant resulting in unexpectedly high 
APTTs, or patients actually on low‑molecular‑weight heparin instead of UFH, resulting in unexpectedly low APTT despite 
high anti‑Xa levels. These outliers should be removed and the data should be re‑evaluated. For them, a second data 
cleanup (B) was performed, leaving the final data set (C). The effect of this sequential data analysis is summarized in 
Table 4. With each step, the relationship improves (increasing r or r2 values). Interestingly, however, the calculated TRR 
does not change much.
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