
R E V I EW

International Council for Standardization in Haematology
(ICSH) recommendations for the performance and
interpretation of activated partial thromboplastin time and
prothrombin time mixing tests

D. M. Adcock1 | G. W. Moore2,3 | G. W. Kershaw4 | S. A. L. Montalvao5 |

R. C. Gosselin6

1Retired Labcorp, Burlington, North

Carolina, USA

2Department of Haematology, Specialist

Haemostasis Unit, Cambridge University

Hospitals Foundation Trust, Cambridge, UK

3Department of Natural Sciences, Middlesex

University, London, UK

4Institute of Haematology, Royal Prince Alfred

Hospital, Sydney, New South Wales, Australia

5Laboratory Hemostasis and Thrombosis,

Hematology and Hemotherapy Center,

University of Campinas UNICAMP, Campinas,

Brazil

6Hemostasis and Thrombosis Center,

University of California, Davis Health System,

Sacramento, California, USA

Correspondence

D. M. Adcock, Retired Labcorp, 1009

Laurelwood Dr., Durham, Burlington, NC

27705, USA.

Email: dotadcock@icloud.com

Abstract

This guidance document has been prepared on behalf of the International Council for

Standardization in Haematology (ICSH). The aim of the document is to provide guid-

ance and recommendations for the performance and interpretation of activated par-

tial thromboplastin time (APTT) and prothrombin time (PT) plasma mixing tests in

clinical laboratories in all regions of the world. The following areas are included in this

document: preanalytical, analytical, postanalytical, and quality assurance consider-

ations as they relate to the proper performance and interpretation of plasma mixing

tests. The recommendations are based on good laboratory practice, published data in

peer-reviewed literature, and expert opinion.
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1 | INTRODUCTION

Plasma mixing tests (also known as plasma mixing studies or inhibitor

screen) are often performed in the laboratory evaluation of an unex-

pected prolongation of an activated partial thromboplastin (APTT),

prothrombin time (PT), or both, to aid in the determination of the

cause of the prolongation, whether it is due to factor deficiency(ies) or

an inhibitor.1 This distinction is clinically important and likely will direct

further evaluation and treatment. Plasma mixing tests are often also

performed in the screening for the presence of a specific factor inhibi-

tor in a patient under treatment for factor deficiency and are a part of

the diagnostic criteria for detecting a lupus anticoagulant (LA).2,3

Plasma mixing tests are typically performed by combining equal por-

tions of patient plasma with normal pooled plasma (NPP) followed by

immediate performance of the APTT and/or PT. Variations on this 1:1

ratio, as well as the addition of an incubated step at 37�C, are some-

times performed.4,5 In most cases, correction of the prolonged clotting

time by the addition of NPP is indicative of a factor deficiency while

lack of correction or incomplete correction suggests the presence of

an inhibitor.5,6 Incorrect performance or interpretation of plasma mix-

ing tests can lead to patient mismanagement.7 While this document

describes APTT and PT plasma mixing tests, the mixing test can also

be applied to other activity-based hemostasis assays, such as the dilute

Russel's viper venom and von Willebrand activity, to name a few.

The majority of peer reviewed literature on PT and APTT plasma

mixing tests is limited to a single instrument or reagent platform,
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limited sample selection (i.e., investigation of LA), limited methods of

result interpretation, and rarely include PT mixing studies.8–11 There is

in addition, no published guidance document on the recommended

performance and interpretation of mixing tests, other than for LA.12,13

The recommendations in this guidance document are based on

good laboratory practice, published data in peer-reviewed literature,

and expert opinion. Plasma mixing tests are considered laboratory-

developed tests and the validation and performance of such should

follow local regulatory authorities.

2 | PREANALYTICAL

Preanalytical considerations as they pertain to plasma mixing tests,

include patient history, medications the patient is taking, specimen col-

lection, handling, transport, processing, storage, and NPP source.14,15

In the ideal scenario, patient history is available and can be reviewed

prior to the determination as to whether a plasma mixing test should

be performed. See Table 1 for a list of potential preanalytical interfer-

ents or conditions that may yield factitious mixing test results.

2.1 | Appropriate use of the mixing test

Mixing tests are often indicated in the evaluation of an unexpected

prolongation of an APTT and/or PT. They are also indicated in

algorithms to detect the presence of a LA. In patients with hereditary

or acquired factor deficiency(ies), mixing studies can be performed to

screen for the presence of an inhibitor. There is no clinical value in

performing mixing studies when baseline APTT and/or PT values fall

within the reference interval (RI).5 Most RIs are normalcy for 95% of

the population. When a ±2SD of the mean is used to determine the RI

it may be of value to use +3SD of the mean as the indication for per-

forming mixing studies, if statistically appropriate based on sample

size, as it reflects normalcy for 99.87% of the population, thereby

reducing performance of unnecessary mixing studies and partly

accounting for reagent variation.16,17 Best practices in the evaluation

of a prolonged APTT and/or PT are beyond the scope of this guidance

document. It should be noted however, that the initial evaluation of

samples with minor prolongations of clotting times is often to repeat

testing on a new plasma sample. This will potentially exclude preana-

lytical errors that could cause a spurious result. Furthermore, many

isolated slightly prolonged APTT results in an acute setting are not

associated with a clinically significant underlying abnormality.

1. Recommendation 1.1.1: Plasma mixing studies should not be per-

formed when baseline APTT and/or PT are within the normal RI.

2.2 | Patient history

Patient history should include personal or family history of any coagu-

lation abnormality such as a factor deficiency or the presence of an

inhibitor. It should be determined if the patient has recently been

treated for a coagulation disorder, specifically, have there been recent

therapies that may interfere with the proper interpretation of plasma

mixing tests, such as the recent infusion of fresh frozen plasma, cryo-

precipitate, or single factor replacement therapy. The recent adminis-

tration of bypassing agents such as Factor Eight Inhibitor Bypass

Activity (FEIBA, Takeda Pharmaceuticals) or emicizumab (Hemlibra,

Genentech USA) may mask the presence of an inhibitor and are likely

to normalize the clotting time.18–20 Medications should be reviewed

for those that may impact the APTT and/or PT, especially anticoagu-

lant agents including direct oral anticoagulants (DOACS), heparins,

and oral anti-vitamin K antagonists (OVKA).21,22 Heparins, hepari-

noids, direct thrombin inhibitors (DTIs), and direct activated X

(Xa) inhibitors, function as inhibitors generally resulting in failure to

correct the mixing test. Performance of a mixing study in the presence

of recent anticoagulant therapies, including inhibitory anticoagulants

without knowledge of their presence, can lead to misinterpretation of

test results with potential patient mismanagement. Performing mixing

studies when the patient's plasma contains parenteral or orally admin-

istered DTIs, as an example, can mimic a factor inhibitor or the pres-

ence of a LA.21,23 When patient clinical history and/or medication list

is not available to the laboratory, the performance of additional tests

on the patient sample such as thrombin time or anti-Xa activity may

be useful to exclude anticoagulant drug exposure. Certain lipoglyco-

peptide antibiotics such as those effective against methicillin resistant

Staphylococcus aureus, such as Telavancin (Vibativ; Cumberland Phar-

maceuticals, USA) and Daptomycin (Cubicin; Merck & Co, USA), may

TABLE 1 Provisional list of mixing study interferants or
conditions that may yield factitious mixing study results.

False negative mixing study

(i.e., missing the presence of a
deficiency or inhibitor in the
sample)

False positive mixing study (i.e.,

suggesting a deficiency or
inhibitor is presence when it
is not)

1. Poorly processed samples,

excess platelets in plasma

before freezing

2. Incubation step not

performed

3. Water bath temperature

not at 37 ± 2�C
4. Factor replacement

therapies administered

before sample collection.

5. Patients receiving bypassing

agents such as FEIBA,

emicizumab

6. Non-neutralizing antibodies

7. Weak or low titer inhibitors

8. Incorrect plasma: NPP ratio

9. Acute phase reaction i.e.,

elevated FVIII, fibrinogen,

and C-reactive protein

(APTT only)

10. Unsuitable Normal pooled

plasma

11. Poorly assigned cut-offs

12. Upper end of normal

reference interval set

too high

1. Blood collected in tubes

containing anticoagulants

other than sodium citrate

2. Poorly assigned cut-offs

3. Normal pooled plasma sources

with factor levels <80%

4. Upper end of normal reference

interval set too low

5. Heparins and heparinoids

6. Parenteral and oral thrombin

inhibitors

7. Oral factor Xa inhibitors

8. Thrombolytic therapy

9. Lipoglycopeptide class

antibiotics
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cause factitious prolongation of the APTT, and/or PT in a dose-depen-

dent manner, due to an in vitro effect and leads to noncorrection in a

plasma mixing study.24,25 Select drugs or biologics that are pegylated

may lead to clinically insignificant (i.e., factitious) prolongation of the

APTT depending on the specific polyethylene glycol and the APTT

reagent used.26 C-reactive protein, an acute phase protein elevated in

inflammatory conditions, may factitiously prolong the APTT in the

presence of certain APTT reagents.27 Patients on thrombolytic ther-

apy may also yield results in mixing tests that suggest the presence of

a deficiency.28 Plasma mixing testing should be avoided in patients

currently on these described therapies, but even “recent” exposure

may affect coagulation testing due to variable drug half-lives. For

assessing the potential impact of recent exposure, the time for drug

clearance can be estimated by using 5–6 times the cited drug half-

life.29

Mixing studies should be performed on the same sample as the

prolonged APTT and/or PT.30 It is conceivable that the remaining vol-

ume will be insufficient to perform mixing studies, especially if other

testing was performed. If the original sample has insufficient volume

to perform the mixing test, it is necessary that the newly collected

sample be repeated for the test that was previously noted to be

prolonged.

1. Recommendation 1.2.1: Patient history should be obtained and

reviewed whenever possible to evaluate for potential personal or

family history of a coagulation disorder.

2. Recommendation 1.2.2: Patient history should include recent

treatments that may interfere with the interpretation of plasma

mixing studies.

3. Recommendation 1.2.3: Patient medications should be reviewed

for those that may alter the results of the APTT and/or PT such as

anticoagulants, factor replacement or bypassing agents, thrombo-

lytic therapies, certain antibiotics, and select pegylated drugs or

biologics.

4. Recommendation 1.2.4: Mixing tests should not be performed

when patients are known to be currently (or recently) on therapies

described in recommendations 1.2.3.

5. Recommendation 1.2.5: Mixing studies should be performed on

the same sample as the prolonged APTT and/or PT. If a repeat

sample is collected, the prolongation of the clotting time(s) should

be confirmed prior to performing mixing study testing.

2.3 | Patient sample: sample collection

Plasma mixing tests should be performed only on citrated plasma that

has been collected, handled, and processed according to international

guidance such as those developed by International Council for Stan-

dardization in Haematology (ICSH) or Clinical Laboratory Standards

Institute (CLSI).14,15,31 Samples should be collected from a peripheral

vein, when possible, due to the potential for contamination of intrave-

nous (IV) fluids. Blood samples may be acquired from indwelling cath-

eters or lines once a sufficient volume of discard blood has been

removed. Blood samples should not be collected above IV lines or

other indwelling catheters.

Samples collected into additive tubes other than sodium citrate

such ethylenediaminetetraacetic acid (EDTA) tubes (purple top), lith-

ium or sodium heparin tubes (green tops) or a nonadditive tube (red

or tiger top) will yield erroneous results in a mixing test and are unac-

ceptable sample types that must be rejected.14,31,32 EDTA samples,

furthermore, yield results mimicking the presence of factor (F) VIII

inhibitor, specifically demonstrating a decreased FVIII activity, incom-

plete correction upon mixing with NPP, and can demonstrate further

prolongation with 37�C incubation.32 Samples collected into lithium

heparin collection tubes will also mimic the presence of an inhibitor.

Serum samples are not acceptable due to in vitro consumption of clot-

ting factors leading to prolongation of the APTT and PT.

When collecting blood into sodium citrate, it is imperative that

the ratio of blood to anticoagulant is standardized to a ratio of 9:1

(blood: anticoagulant).14,32 Tubes that are underfilled have a relative

excess of citrate, which will subsequently bind reagent provided cal-

cium resulting in artefactual prolongation of the APTT and/or PT. This

effect may be minor in those tubes filled to between 80% and 90% of

the target fill volume but are more likely to be clinically significant if

the fill volume falls below 80% of the target volume.33 Fill volumes

below 90% may be acceptable if local validation confirms that the

impact on results would not affect patient management. Tubes that

are overfilled may have an inadequate volume of citrate and a ten-

dency to develop clots. Samples that are clotted, even those that are

partially clotted, or those that contain small clots in an otherwise liq-

uid sample must be rejected as a clot in the sample may impact APTT

and/or PT results. Even if no clotting occurred in an overfilled tube,

the reduced amount of citrate relative to plasma volume requires less

Ca2+ to counteract the anticoagulant effect and can lead to shortened

clotting times.

Another issue that may alter the ratio of blood to anticoagulant,

other than filling, is the level of the patient's hematocrit. This is

because the greater the hematocrit, the smaller the amount of plasma

in a given volume. When the value of the hematocrit exceeds 0.55 (i.

e., 55%), the ratio of plasma to anticoagulant is altered and mimics

that of an underfilled tube, potentially causing spurious prolongation

of the APTT and/or PT. This can be avoided by altering the volume of

citrate in the collection tube in accordance with recommendations

from CLSI or the World Federation of Haemophilia (WFH).31,34 Pro-

longed baseline APTT and/or PT samples from patients with high

hematocrits should have repeat testing performed on blood collection

tubes with adjusted citrate volume. If the repeat APTT and/or PT test-

ing is within normal limits using the adjusted citrate volume blood col-

lection tube, then a mixing test is not indicated.

1. Recommendation 1.3.1: Samples should be collected into 3.2%

sodium citrate at a 9:1 ratio of blood to anticoagulant.

a. Samples collected into EDTA or heparin (sodium or lithium) as

well as serum samples must be rejected.

b. Collecting samples into 3.8% sodium citrate for APTT and/or

PT analysis is not recommended.
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2. Recommendation 1.3.2: Blood tubes with < 90% of normal filling

volume should be rejected by the laboratory and should not be

analyzed.

a. Tubes with 80%–90% of nominal filling may be acceptable if

local validation confirms that the impact on results would not

affect patient management.

3. Recommendation 1.3.3: Samples that are clotted or that contain

clots, even those with small clots in an otherwise liquid sample

must be rejected.

4. Recommendation 1.3.4: The ratio of plasma to citrate anticoagu-

lant should be adjusted when patient's hematocrit results exceed

>55% (0.55).

a. If the baseline clotting times were performed using uncorrected

citrate volume on high hematocrit samples, the testing should

be repeated with corrected citrated samples.

b. If the repeat testing from citrate corrected plasma is within nor-

mal limits, mixing tests are not indicated.

2.4 | Patient sample: handling

Freshly collected citrated blood samples should be maintained at

ambient (18–24�C) temperature until delivery to the laboratory.15,31

Samples that are chilled (i.e., refrigerated or transported on ice) prior

to centrifugation may demonstrate precipitation of certain factors

including fibrinogen, FVIII, and Von Willebrand factor leading to pro-

longation of clotting times, as well as cold activation of FVII, resulting

in shortening of the PT.35,36 In cases of extreme weather conditions,

the use of storage containers (i.e., styrofoam) that can maintain ambi-

ent temperature of the blood sample should be used to transport sam-

ples to the laboratory.

1. Recommendation 1.4.1: Whole blood samples for coagulation tests

should be maintained at ambient temperature of 18–24�C prior to

processing.

2.5 | Patient sample: centrifugation

Samples should be centrifuged at ambient temperature to yield plate-

let poor plasma (PPP), defined as having platelet counts <10 000/

mm3, to avoid the potential for platelet neutralization of an LA (this

can occur when testing is performed on a frozen–thawed sample) as

well as acceleration of the enzymatic reactions of the APTT and

PT.15,31 If samples will be processed for later testing, the samples

should be prepared to ensure they are platelet poor, which can be

accomplished by double centrifugation or centrifuging at a higher

speed for a longer period of time prior to freezing. In the process of

double centrifugation, following the initial spinning of the specimen,

the plasma is carefully removed from the cells, avoiding the platelet/

buffy coat using a plastic transfer pipette. The plasma should not be

poured off. The aliquoted plasma is centrifuged again, and the top

portion of the plasma removed, leaving about 0.25 mL in the bottom

to discard. The double-centrifuged plasma should be aliquoted,

labelled with the appropriate patient identification and as citrate

plasma and frozen. Post-centrifugation platelet counts on citrated

plasma should be checked before introducing new centrifuges into

routine use, following any significant centrifuge repair or recalibra-

tion, at least annually, or at a frequency as required by the manufac-

turer. If each individual centrifuge cannot be checked locally, a

process should be established to ensure centrifuges of like make and

model yield PPP.

1. Recommendation 1.5.1: Prior to testing, samples should be centri-

fuged to yield post-centrifugation plasma platelet counts of

<10 000/mm3.

2. Recommendation 1.5.2: Prior to sample freezing, citrated samples

should be double centrifuged.

3. Recommendation 1.5.3: Processing to generate PPP should be

checked upon implementation of a new centrifuge, after major

maintenance, at least annually, or per any frequency defined by

the instrument IFU.

2.6 | Patient sample: sample stability

Plasma clotting factors are potentially unstable depending on the con-

ditions and duration of storage that occurs prior to testing. In general,

whole blood samples should be capped and maintained at ambient

temperatures prior to processing.15,31 Once separated (i.

e., centrifuged but the plasma does not have to be removed from the

cells), plasma can generally be maintained at room temperature for up

to 4 h.

For those samples that cannot be tested within 4 h of collection,

the PPP should be carefully transferred to an appropriately labelled

polypropylene vial with suitable cap. It has been demonstrated that

storage vial type (snap top cap vs. screw cap) and storage conditions

(i.e. dry ice vs. ultralow freezer) may alter the performance of PT and

APTT testing.37,38 To thaw previously frozen samples, use a moni-

tored 37 + 2�C water bath, not dry heat block or incubator and suffi-

ciently submerge the vial to ensure the water line is higher than

plasma level. Thaw at least 5 min/mL of sample and if not completely

thawed, maintain vial in water bath another 3 min. The sample should

be mixed before testing. At a minimum the reagent instructions for

use (IFU) and international guidance documents should be fol-

lowed.14,15,31 Sample stability should be validated or verified for the

coagulation tests and methods in use as well as the blood collection

system used. If the original patient sample has been consumed or

exceeds stability limits, performance of a mixing test on a new plasma

sample should be performed only once the abnormal baseline clotting

time has been confirmed on the new sample.

1. Recommendation 1.6.1: The allowed time between sample collec-

tion and testing should be predicated on the APTT and/or PT

reagent IFU or international guidance documents.

2. Recommendation 1.6.2: Use of plasma samples that exceed the

reagent manufacturer IFU or international guidance recommenda-

tions should be locally validated prior to implementation.
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2.7 | Normal pooled plasma

NPP can be purchased as a frozen or lyophilized product, or made

locally, but regardless, should be well characterized, have sufficient

factor activity, and known to be absent of any inhibitor.30 The NPP

source should be of the same citrate concentration as used in collec-

tion of the patient samples. It should be determined prior to use that

purchased NPP is approved by appropriate regulatory agencies or

local standards for use in mixing tests. Commercially prepared NPP

may have the advantage that it has been evaluated for individual fac-

tor activity levels. At a minimum, FVIII activity should be determined.

Factor levels, including FXII, prekallikrein, and high molecular weight

kininogen should be measured when possible. NPP should contain

about 100% (80%–120%) of each factor and should have a fibrinogen

value above 2.0 g/L. Pools should contain a minimum of 20 individual,

ostensibly healthy donors in order to likely obtain 100% activity for

all factors. The greater the number of donors in the pool, the more

likely each factor activity of the pool will approximate 100%. NPP

that contains close to 100% factor activity will provide at least about

50% factor activity in a 1:1 mix which should yield a normal clotting

time (providing the reagent is responsive at that level) in the pres-

ence of a significant factor deficiency. This further emphasizes the

need to characterize NPPs before use. Commercially prepared NPPs,

particularly those that are lyophilized, may also be buffered. There is

no consensus amongst experts as to the impact, positive or negative,

of using buffered NPP in mixing tests. NPP, whether commercially

prepared or made locally, must be prepared in a timely fashion and in

accordance with international preanalytic guidance docu-

ments.14,15,31 Caution is needed if patient plasma samples with nor-

mal clotting times are used in the creation of the NPP as they likely

contain acute phase reactants including elevated fibrinogen and FVIII

levels, which can cause false negative mixing studies.30 As such, use

of individual patient samples with normal APTT and PT values must

not be substituted for NPP in a plasma mixing study. It is possible

that a NPP with a PT or APTT clotting time too close to the lower

limit of local RI as well as NPPs with a PT or APTT too close to the

upper limit of RI may yield factitious mixing study results. For this

reason, the PT and APTT of the NPP should fall near the mean value

of the local laboratory's RIs.

The stability of NPP depends on a number of variables, including

the temperature at which it is stored, that is, room temperature, on

instrument, or refrigerated. In general, NPP should be used within 2 h

of thawing or reconstitution although manufacturer recommendations

should be followed unless local validation is performed to determine

the stability for a given temperature.

1. Recommendation 1.7.1: Individual patient samples with normal

APTT and PT values must not be substituted for NPP in a plasma

mixing study.

2. Recommendation 1.7.2: NPP should contain about 100% factor

activity (optimal range of 80%–120% activity) of each factor and

must be free of inhibitors.

3. Recommendation 1.7.3: NPP should be used within 2 h of thawing

or reconstitution, as defined by manufacturer, or according to local

validation.

3 | ANAYLTICAL

Analytical considerations as they pertain to plasma mixing studies

include the characteristics of the APTT and PT reagents used, the

instrument platform, the NPP source, the procedure for performing

the mixing study, whether this test is performed manually or on the

coagulation analyzer, the ratio of patient plasma to NPP, the inclusion

of an incubation step, as well as APTT and PT RI establishment.

3.1 | APTT, PT reagents, and instrument platform

APTT and PT reagents vary in their responsiveness (also referred to as

sensitivity) to factor deficiencies as well as inhibitors, particularly LA,

heparin, and DOAC anticoagulants.21,39,40 APTT and PT reagents

should have adequate responsiveness to factor deficiency such that

there is prolongation of the clotting time when clinically significant

factor levels (FII, FV, FVII, FVIII, FIX, FX, and FXI) fall below 35%–

40%.6,40 Reagent responsiveness varies between reagents from differ-

ent manufacturers, can be different for each individual factor, and

may vary between reagent lots of a single manufacturer. Reagents

that are insensitive, that is, will not prolong when clotting factor activ-

ity falls below about 40%, may not be able to identify the presence of

a deficiency, while reagents that are too sensitive, that is, cause pro-

longation when factor activities are >50%, may falsely suggest the

presence of a deficiency. Information regarding reagent responsive-

ness to factor deficiencies, various anticoagulants, or LA should be

available from reagent manufacturers or may be included in the

reagent IFU. For a multitude of reasons, the individual factor respon-

siveness of each lot of APTT and PT reagents is difficult, if not impos-

sible to determine in a standardized fashion, although manufacturers

may be able to provide an estimate of relative responsiveness of a

given reagent. There are published methods that can be used in local

laboratories to determine reagent responsiveness.40,41 Rather than

using commercial factor deficient plasmas, well-characterized samples

from patients with inherited coagulation deficiencies should be used

to determine reagent responsiveness, although it is typically difficult

for individual laboratories to obtain such samples in the necessary vol-

umes for responsiveness testing.

Reagent stability varies as to the condition of storage, that is,

room temperature, on instrument, or refrigerated. Stability must be

followed in accordance with manufacturer insert or validated locally.

1. Recommendation 2.1.1: Laboratories should be aware of the rela-

tive responsiveness of the APTT and/or PT in use to the presence

of LA, clinically significant factor activities, and to DOACS (i.

e., dabigatran, apixaban, rivaroxaban, and edoxaban).
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2. Recommendation 2.1.2: APTT and PT reagents should be used

within stability limits as defined by the manufacturer for a given

temperature or in accordance with local validation.

3.2 | PT and APTT RI determination

Establishment of an appropriate RI is an important variable as this will

likely determine when a mixing test is indicated. RIs should be

checked with each change in APTT and/or PT reagent lot. When the

upper limit of the RI is set too high, this may cause a deficiency or

inhibitor to be missed, while an upper limit of the RI that is set too

low may falsely suggest a deficiency or inhibitor when not present.

RIs should be established in accordance with international guidance

documents such as CLSI or the International Federation of Clinical

Chemistry Expert Panel on Theory of Reference Values.40,41 Histori-

cally, RI is determined using a parametric or nonparametric calculation

based on values from an appropriate population of at least 40 individ-

uals providing the distribution of results is Gaussian.17,42,43

More recently, other methods of RI determination such as trans-

ference or an indirect method of RI determination have been

applied.43,44 The transference method requires less effort and less

data than that required for the local establishment of a RI while the

indirect method requires relatively large amount of data generated

locally (or remotely if using the same population and methods).

When the transference method of RI determination is used, the

local laboratory must always use RIs that are appropriate for their

patient population and methodologies, and it is assumed that the orig-

inal RI study from the external source was done with robust method-

ology, and statistical procedures.44 If the RI originates from a different

population and different laboratory method than the local laboratory,

a method comparison must first be performed with acceptable perfor-

mance. RIs can also be transferred from one laboratory to another as

long as they each share common reagents and instruments and test

similar populations. With each option, the RI to be transferred must

be verified before implemented into use.

The indirect approach of RI determination uses local results from

specimens collected for routine purposes, including screening, diagno-

sis or monitoring. This generally requires sample sizes in the thou-

sands with proper statistical analysis, although in poorly represented

populations (e.g., extremes of age), smaller numbers may still provide

useful RI information.43 Age adjustment of an RI may be required for

laboratories that perform testing on pediatric patients.

1. Recommendation 2.2.1: Normal PT and APTT RI (including age

adjusted RI) should be established in accordance with international

guidance documents.

3.3 | Mixing study procedure

The classical mixing study is performed using a 1:1 ratio of patient to

NPP and the mix tested immediately in the test system that was origi-

nally prolonged.1,5,30 (Figure 1) Certain methods of mixing study

interpretation require the NPP to be tested concurrently (see Section 4

below). A 4-part patient to 1-part NPP ratio is sometimes advocated to

aid in the detection of a weak inhibitor. A 4:1 mixing test ratio has the

disadvantage in that it can lead to a false positive lack of correction

result in a patient with a severe factor deficiency when the NPP con-

tains less than 50% of that factor and may be less effective in the pres-

ence of multiple factor deficiencies (i.e., high dose VKA anticoagulation).

The mixing of patient plasma with NPP can be performed using

coagulation instruments that have been regulatory approved or locally

validated for that purpose, but incubated mixing study samples will

likely require manual preparation. Mixing studies should be performed

within the stability limits of the patient sample and the thawed NPP.

Mixing studies should be tested using the same reagent platform that

yielded prolonged clotting times for the baseline APTT or PT. If a dif-

ferent reagent platform is introduced for mixing studies, then the

APTT and/or PT should be retested using the new reagent system to

verify the prolongation of the clotting time.30 When setting up mixing

studies, only polypropylene tubes (with accompanying caps if an incu-

bation step is required) should be used, and of sufficient size to con-

tain plasma mixtures.31

Incubated mixing tests can be of value for the identification of

inhibitors that are time and temperature dependent.1,5,30,32 Time and

temperature dependence means that the inhibitor effect may not be

evident in the immediate mix and may require incubation for a period

of time at 37�C to become apparent. If the immediate mix indicates

the presence of an inhibitor, an incubated mixing step is not manda-

tory, but could be performed if more specific tests are not available. In

this situation, care must be taken to ensure that the plasma is not

EDTA plasma, as clotting times in EDTA plasma may prolong with incu-

bation. Typically, the presence of EDTA plasma can be indicated by a

very elevated potassium level.45 In the incubation step, a 37�C water

bath should be used rather than a 37�C dry incubator, and the temper-

ature monitored each day of use, with acceptability limits of 37 ± 2�C.

(Figure 1) Samples should be capped and sufficiently submerged in the

water bath such that the plasma-containing portion of the tube is sub-

merged for the duration of the incubation. The incubated mixing test

can theoretically be performed based on the APTT or PT although a

recent study indicates that incubation of a PT mix leads to a high mis-

prediction (false negative) rate for inhibitors.46 For PT-only unexpected

prolongations, time and temperature dependent inhibitors have not

F IGURE 1 Incubated activated partial thromboplastin (APTT) mix
procedure. Incubate normal pooled plasma (NPP) and patient/NPP
mixture, each in a capped tube, in a controlled 37�C water bath for
60–120 min, then perform APTT on NPP and patient/NPP mixture.
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been described, so routine use of incubated PT mixing studies is likely

unnecessary. The only well characterized time and temperature depen-

dent inhibitor is a factor VIII inhibitor. Incubation of the patient and

NPP mix should occur for at least 1 h but longer incubations (i.e. 2 h)

may be necessary to detect low titer inhibitors. Longer periods of incu-

bation at 37�C (i.e., >2–3 h) may lead to loss of labile clotting factors to

a degree that interferes with result interpretation.

The use of a control mixture for the incubation phase of a mixing

study is a well-established method used to ascertain any factor lability

in the NPP during to the 37�C incubation that may lead to a factitious

incubated mixture study interpretation.6 However, the control mix-

ture is not required when using calculation indices (percent correction

or Rosner Index) or the subtraction method as described in this rec-

ommendation. The recommended APTT based mixing study proce-

dure (see Figure 1) and interpretation methods (see Figures 2 and 3)

include the analysis of neat NPP at both phases (immediate and incu-

bated) of mixing study testing, thus will account for any factor lability

associated with the incubated phase testing.

1. Recommendation 2.3.1: Only polypropylene tubes with accompa-

nying caps (if incubation is required) should be used for mixing

studies. The tube size should be sufficient to handle the mixture

volume, but not too large as to create potential pH changes in the

plasma.

2. Recommendation 2.3.2: Mixing studies should be performed on

plasma samples using a 1:1 ratio of patient to NPP.

3. Recommendation 2.3.3: APTT and/or PT of the NPP must be ana-

lyzed for each phase (immediate and incubated) in each batch of

mixing tests.

4. Recommendation 2.3.4: The same reagent system used for base-

line prolonged APTT or PT should be used for mixing studies.

a. Baseline APTT or PT must be repeated if using a new reagent

system to confirm prolongation prior to performing mixing

studies.

5. Recommendation 2.3.5: Routine incubated PT mixing tests are not

recommended.

6. Recommendation 2.3.6: Immediate and incubated mixing tests

must be completed within the stability parameters of the patient

sample and the NPP.

7. Recommendation 2.3.7: A monitored 37�C (±2�C) water bath

should be used when performing an incubated mixing study.

4 | POSTANALYTICAL

Postanalytical considerations as they pertain to plasma mixing studies

include the method to determine correction or noncorrection as well

as result reporting. Typically, “correction” suggests a factor deficiency

(ies), whereas “noncorrection” typically suggests an inhibitor.

4.1 | Methods to determine correction

A number of different methods and schemes are available to deter-

mine mixing study correction or lack thereof.8,9,46 These methods vary

in complexity as to how much information is required for mixing test

result interpretation, including the use of different cut-off values or

F IGURE 2 The immediate activated partial thromboplastin (APTT) mix should be performed when appropriately indicated. Equal volumes of
patient and normal pooled plasma are mixed and an APTT is performed promptly. Either the percent correction calculation or the Rosner index
can be used to interpret the result of the mix. Cut-off values for each of these calculations should be locally validated. In the published field study,
a precent correction result ≥70% or a Rosner index result of ≤15 suggests correction indicating a likely factor deficiency. To determine if a time
and temperature dependent inhibitor is present, an incubated mixing study is indicated. If the percent correction result is <70% or the Rosner
index is >15, the subtraction method (result of the mix � NPP result) should be performed and if the result is ≥0, an inhibitor is present. If the
result of the subtraction method is ≤0, proceed to the incubated APTT mix.
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thresholds. The mixing test calculation methods recommended in this

guidance are provided in Table 2.

There is no one mixing test interpretation method that can con-

sistently differentiate factor deficiency from inhibitor with 100% cer-

tainty.5,46 Some overlap within interpretation methods between

factor deficiency and inhibitor sample types is inevitable. This was

confirmed in a recently published international APTT and PT mixing

test field study evaluating multiple reagent platforms and 11 different

methods of correction.46 In this study, subtraction and ratio methods,

while relatively easy to perform, tended to have high degrees of mis-

predictions. These methods tended to perform well for either factor

deficiency(ies) or inhibitor samples, but not both. Overall, the percent

correction method (using a >70% threshold) performed best for the

PT mixing test (see Figure 4). The percent correction (using a 70%

threshold) and the Rosner index (using a value <15), performed better

for APTT mixing results, for all reagents tested, than any subtraction

or ratio methods alone. While for APTT mixing studies, the percent

correction method was slightly superior in accurate distinction than

the Rosner index, neither demonstrated 100% specificity. Given this,

an algorithmic approach for APTT mixing study result interpretation is

recommended, employing either the percent correction or the Rosner

index, followed by a NPP subtraction method (test result � NPP

result) (see Figures 2 and 3). Supplemental figures are included that

provide immediate and incubated APTT (Figures S1 and S2) and

immediate PT (Figures S3 and S4) mixing test example calculations for

both factor deficient and inhibitor samples. While a number of mixing

test interpretation methods in the published field study had high rates

of misprediction, these methods may be employed if successfully vali-

dated locally.

It is important to note that not all inhibitors result in noncorrec-

tion of an immediate or incubated mixing test.47–49 Most factor inhibi-

tors are neutralizing antibodies, and these are often evident in a

mixing study as the antibody will interfere with the factor present in

the NPP in vitro as well as the patient's factor. Some neutralizing anti-

bodies that have type 2 kinetics, which occur more commonly with

acquired inhibitors, demonstrate correction with a mixing test. Few

inhibitors are non-neutralizing.48,49 With non-neutralizing inhibitors,

the antibody binds the factor, and the resultant antibody/antigen

complex is cleared in vivo by the reticuloendothelial system. These

non-neutralizing (or clearing) antibodies cannot be detected in a

F IGURE 3 The incubated activated partial thromboplastin mix should be performed by combining equal volumes of patient and NPP and
incubating in a capped tube in a controlled 37�C water bath for 60 to 120 min. Either the percent correction or the Rosner index can be used to
interpret the result. Locally validated cut-offs for these equations should be used. It is important to note that when the algorithm suggests a
factor deficiency that a non-neutralizing antibody cannot be excluded.

TABLE 2 Recommended Calculations for interpreting prothrombin time and activated partial thromboplastin time mixing studies.

Method ID Formula Explanation

Threshold for

correction

Percent (%)

correction

Patient baseline result�1:1 mixture result
Patient baseline result�NPP result

� ��100 See calculation ≥70%

Rosner index 1:1 mixture result�NPP result
Patient baseline result

� ��100 See calculation ≤15%

Subtraction method 1 :1mixture result�NPP result NPP result (run concurrently) subtracted from mixed test

result

≤0

Abbreviation: NPP, Normal Pooled Plasma.
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mixing test as the mix typically results in correction (since that anti-

body/antigen complex was cleared in vivo). The most common exam-

ple of a non-neutralizing factor inhibitor is a prothrombin (factor II)

antibody that develops in some patients with LA. These patients have

very decreased levels of prothrombin when the activity is measured.

The presence of non-neutralizing antibodies can usually be deter-

mined by pharmacokinetic studies that compare expected in vivo fac-

tor stability to actual factor activity levels after factor replacement. To

perform pharmacokinetic studies, blood samples are collected, and

factor activity measured over defined time periods and compared to

the expected in vivo half-life of the factor activity. In the case of anti-

bodies to prothrombin, an ELISA assay can be performed to confirm

their presence. Not all patients with antiprothrombin antibodies as

determined by ELISA have antibodies that bind and clear

prothrombin.

1. Recommendation 3.1.1: The use of a single method of mixing test

interpretation is not recommended to determine correction of an

APTT mixing test, unless it is validated locally.

2. Recommendation 3.1.2: An algorithmic approach to determining

correction in an APTT mixing study is recommended, specifically

using the percent correction or Rosner index followed by a sub-

traction method (test result � NPP result) to determine if the mix-

ing test result falls at or below zero (to indicate a likely factor

deficiency) or greater than zero (to indicate a likely inhibitor).

3. Recommendation 3.1.3: For the PT mixing test, the percent

correction should be used as the mixing test method of result

interpretation (unless a different method is validated locally) and

incubation of the mixing test should not be performed.

4. Recommendation 3.1.4: Non-neutralizing antibodies will likely

yield correction in the mixing studies suggesting a factor defi-

ciency. If non-neutralizing antibodies are suspected, pharmacoki-

netic studies are recommended to compare expected in-vivo

factor stability to measured factor activity levels.

4.2 | Result reporting

Results should be reported with an indication that there is likely a fac-

tor deficiency or factor inhibitor present. Additional information can

be provided to suggest, which factor deficiency(ies) or inhibitor(s) are

most likely present based on the prolonged screening test results and

available clinical data. For laboratories that perform manual calcula-

tions or manual data entry into an electronic medical record or labora-

tory information system, a verification process should be

implemented for ensuring no mathematical or clerical entry errors

have been made prior to verifying and reporting the results.

1. Recommendation 3.2.1: Mixing study results should include an

interpretation stating that the prolongation is most likely due to a

factor deficiency or factor inhibitor.

2. Recommendation 3.2.2: If values for each mixing study result or

calculation method used are reported, they must be accompanied

by a RI.

3. Recommendation 3.2.3: For sites with manual calculations or data

entry, a verification process for ensuring mathematical or clerical

entry accuracy should be implemented prior to verifying and

reporting the results.

5 | QUALITY ASSURANCE
CONSIDERATIONS

The mixing test procedure, and interpretation method used (including

any interpretation algorithm) should be validated prior to clinical use.

Quality controls must be performed in accordance with local regula-

tory requirements using well-characterized patient or purchased sam-

ples. One control should be a known factor deficient sample and a

second control a known factor inhibitor sample, which would repre-

sent a corrected and noncorrected interpretation, respectively. It is

also imperative that laboratories performing mixing studies subscribe

to external proficiency testing mixing study programs and ideally ones

that also include and evaluate result interpretation.

5.1 | Validation studies

The mixing test validation should be based on the intended use for

the population tested. If mixing studies are used for evaluating unex-

pected prolongations of a PT or APTT, then samples with various coa-

gulopathies associated with prolonged PT and APTT should be used.

If the population requiring mixing tests are patients with known or

F IGURE 4 The immediate prothrombin time (PT) mixing test is
performed by combining equal volumes of patient sample and normal
pooled plasma and the PT performed promptly after mixing. The
percent correction method should be used for result interpretation
and the cut-off should be validated locally.
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suspected factor deficiency, then samples with specific factor defi-

ciencies and inhibitors should be considered. If the intended popula-

tion is primarily for assessing LA patients, the validation should

encompass LA negative and positive samples. At a minimum, 10 factor

deficient samples and 10 inhibitor samples should be evaluated for

the interpretation method, although optimally, 25 samples from each

group are preferred.

Factor deficiency samples should include, when possible, congeni-

tal and/or acquired single or multiple factor deficiencies. Inhibitor

samples should include LA, specific factor inhibitors, or drugs that

mimic inhibitors to verify the interpretation method. Combined and

severe single factor deficiency(ies) as well as weak factor-specific or

nonspecific inhibitors should be included in the validation process.

While every effort should be made to validate mixing studies using

native, real world patient samples, in laboratories where abnormal

samples are not readily available, the use of surrogate (contrived) sam-

ples may also be considered such as drug enrichment of normal

plasma to demonstrate inhibitor effect or saline diluted plasma to rep-

resent factor deficiencies. Surrogate samples are not suitable for mim-

icking antibodies that demonstrate an inhibitor effect such as LA. A

90% agreement should be the lowest threshold of acceptability for a

given interpretation method. Verification of continuous performance

should be assessed using quality control material that would generate

the expected calculation for correction and noncorrection, represent-

ing a factor deficiency or inhibitor, respectively.

New lots of coagulation reagents and NPP should be verified

prior to being put into use, using QC materials or previously tested

samples to verify expected mixing test interpretations.50

A written protocol for the performance of mixing studies, in con-

formance with local regulatory requirements, should be available for

laboratory staff. At a minimum, the protocol should include appropri-

ate patient selection, acceptable sample requirements, stepwise pro-

cedure for performing a mixing study, test interpretation, and

limitations of testing.

1. Recommendation 4.1.1: Before the results of mixing tests are

reported, the assay procedure and methods used for mixing test

results interpretations, including thresholds, should be validated.

2. Recommendation 4.1.2: New lots of coagulation reagents and NPP

should be verified for mixing study test performance prior to clini-

cal use.

3. Recommendation 4.1.3: A written protocol for performing mixing

studies should be available for laboratory staff.

5.2 | Quality control

A negative (mixing study correction interpretation) and positive (mix-

ing study noncorrection interpretation) control sample should be run

with each mixing study batch or as minimally required by regional reg-

ulatory authorities. Optimally, the mixing study QC would include a

severe factor deficiency(ies) for correction/negative control, and

a weak positive inhibitor for noncorrection/positive control. It is

recommended that the conditions to consider a control as a weak

positive would be one that has:

1. Percent (%) correction between approximately 50%–65%, or

2. Rosner Index of approximately 17–20, or

3. Subtraction method that is approximately 3–5 s higher than the

reported NPP value.

For resource limited laboratories, or if allowed by local regulatory

authorities, an alternative, individualized QC plan (IQCP) could be

adopted to determine the acceptable frequency of QC testing for mix-

ing studies.51 The IQCP should be based on QC test performance,

including those materials used for mixing studies and routine monitor-

ing of PT and APTT testing. A risk assessment should be evaluated for

any IQCP prior to implementation. At a minimum, QC should be per-

formed once monthly and before each new lot of reagents or NPP is

introduced. Each representative QC sample should reflect the

intended patient population to be assessed (i.e., weak factor VIII or IX

inhibitor QC for mixing studies used to screen for these conditions).

1. Recommendation 4.2.1: Control samples of well-characterized fac-

tor deficient and inhibitor samples should be tested and expected

results obtained before patient results are reported.

2. Recommendation 4.2.2: An IQCP should be considered if allowed

by regional regulatory authorities to reduce QC testing frequency.

5.3 | External proficiency program

Laboratories that perform and report mixing studies should enroll in

an external proficiency program, ideally one that evaluates the results

of mixing tests. If external programs are not available, proficiency

should be determined at least twice per year using well-characterized

samples that are resubmitted for testing after being blinded. These

well-characterized samples can be shared between institutions. Profi-

ciency samples should be tested in the same manner as routine

samples.

1. Recommendation 4.3.1: Laboratories performing mixing tests

should enroll in external proficiency programs and ideally ones that

evaluate result interpretation of mixing tests or should develop

their own proficiency samples as long as these samples meet the

requirements of local authorities.

6 | CONCLUSION

Proper performance and interpretation of APTT and PT mixing studies

is an important step in the evaluation of an unexpectedly prolonged

clotting time or the evaluation for the presence of an inhibitor. This

ISCH publication provides recommendations based on published stud-

ies and expert opinion. When performing mixing studies, good labora-

tory practice should be followed such that proper attention is given to
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preanalytical, analytical, and postanalytical considerations. The mixing

study test method used should be locally validated prior to clinical

use, and include considerations for quality controls, result interpreta-

tions and enrollment in a suitable external proficiency program.

AUTHOR CONTRIBUTIONS

DMA, RCG, and GWM wrote the guidance and it was reviewed by

SALM and GWK.

ACKNOWLEDGEMENTS

The document benefited from careful review by ICSH Board, and

ICSH Haemostasis subgroup.

CONFLICT OF INTEREST STATEMENT

RG has received consulting fees from Sysmex America, Inc; and the

University of California, Berkeley, speaker honoraria from Mindray

and the University of Wisconsin-Madison School of Pharmacy, is a

current member of the ICSH coagulation committee, and former ICSH

board member. GM reports consultancy fees from Technoclone. DA,

GK, SM have no competing interests.

DATA AVAILABILITY STATEMENT

Data sharing is not applicable to this article as no new data were cre-

ated or analyzed in this study.

ORCID

G. W. Moore https://orcid.org/0000-0002-2987-281X

S. A. L. Montalvao https://orcid.org/0000-0002-8920-3765

R. C. Gosselin https://orcid.org/0000-0002-5669-8722

REFERENCES

1. Adcock DM, Moore GW, Montalvão SL, Kershaw G, Gosselin RC.

Activated partial thromboplastin time and prothrombin time mixing

studies: current state of the art. Semin Thromb Hemost. 2022;49:571-

579. doi:10.1055/s-0042-1756196

2. Adcock DM, Poirier BF. Screening coagulation assays, factor XIII and

D-dimer. In: Teruya J, ed. Management of Bleeding Patients. Springer

International Publishing; 2016:3-16.

3. Devreese KMJ, de Groot PG, de Laat B, et al. Guidance from the sci-

entific and standardization committee for lupus anticoagulant/anti-

phospholipid antibodies of the international society on thrombosis

and Haemostasis: update of the guidelines for lupus anticoagulant

detection and interpretation. J Thromb Haemost. 2020;18(11):2828-

2839.

4. Choi SH, Rambally S, Shen YM. Mixing study for the evaluation of

abnormal coagulation test. JAMA. 2016;316(20):2146-2147.

5. Favaloro EJ. Coagulation mixing studies: utility, algorithmic strategies

and limitations for lupus anticoagulant testing or follow up of abnor-

mal coagulation tests. Am J Hematol. 2020;95(1):117-128.

6. Clinical and laboratory standards institute (CLSI). One-stage pro-

thrombin time (PT) and activated partial thromboplastin time (APTT)

test. document H47 Ed3E 2023.

7. Favaloro EJ, Bonar R, Duncan E, et al. Misidentification of factor

inhibitors by diagnostic hemostasis laboratories: recognition of pitfalls

and elucidation of strategies. A follow up to a large multicenter evalu-

ation. Pathology. 2007;39:504-511.

8. Rosner E, Pauzner R, Lusky A, Modan M, Many A. Detection and

quantitative evaluation of lupus circulating anticoagulant activity.

Thromb Haemost. 1987;57(2):144-147.

9. Chang SH, Tillema V, Scherr D. A “percent correction” formula for

evaluation of mixing studies. Am J Clin Pathol. 2002;117(1):62-73. doi:

10.1309/RREK-8L6M-D2KC-HWLH

10. Depreter B, Devreese KM. Differences in lupus anticoagulant final

conclusion through clotting time or Rosner index for mixing test inter-

pretation. Clin Chem Lab Med. 2016;54(9):1511-1516. doi:10.1515/

cclm-2015-0978

11. Liu C, Ling L, Huang X, et al. Evaluation of activated partial thrombo-

plastin time mixing studies using several methods. Arch Pathol Lab

Med. 2022;146(11):1387-1394. doi:10.5858/arpa.2021-0123-OA

12. Keeling D, Mackie I, Moore GW, Greer IA. Greaves M, and British

Committee for Standardization in Haematology. Guidelines on the

investigation and management of antiphospholipid syndrome. Br J

Haem. 2012;157:47-58.

13. Clinical and laboratory standards institute (CLSI). Laboratory testing

for the lupus anticoagulant; approved guideline. 2014.

14. Kitchen S, Adcock DM, Dauer R, et al. International Council for Standar-

disation in Haematology (ICSH) recommendations for collection of blood

samples for coagulation testing. Int J Lab Hematol. 2021;43:571-580.

15. Kitchen S, Adcock DM, Dauer R, et al. International Council for Standar-

disation in Haematology (ICSH) recommendations for processing blood

samples for coagulation testing. Int J Lab Hematol. 2021;43:1272-1283.

16. Boyer A, Smith J, Woolley AM, et al. The investigation of a prolonged

APTT with specific clotting factor assays is unnecessary if an APTT

with Actin FS is normal. Int J Lab Hematol. 2011;33:212-218.

17. Boyd JC. Defining laboratory reference values and decision limits:

populations, intervals, and interpretations. Asian J Androl. 2010;12(1):

83-90. doi:10.1038/aja.2009.9

18. Adamkewicz JI, Chen DC, Paz-Priel I. Effects and interferences of

emicizumab, a humanised bispecific antibody mimicking activated fac-

tor VIII cofactor function, on coagulation assays. Thromb Haemost.

2019;119(7):1084-1093.

19. Jenkins PV, Bowyer A, Burgess C, et al. Laboratory coagulation tests

and emicizumab treatment, a United Kingdom Haemophilia Centre

Doctors' organisation guideline. Haemophilia. 2020;26(1):151-155.

20. Turecek PL, Varadi K, Gritsch H, Schwarz HP. FEIBA: mode of action.

Haemophilia. 2004;10(Suppl. 2):3-9.

21. Adcock DM, Gosselin R. Direct Oral anticoagulants (DOACs) in the

laboratory: 2015 review. Thromb Res. 2015;136(1):7-12. doi:10.

1016/j.thromres.2015.05.001

22. Adcock DM. Coagulation assays and anticoagulant monitoring. Coag-

ulation Assays and Anticoagulant Monitoring. American Society of

Hematology Education Program Book; 2012:460-465.

23. Gosselin RC, Adcock DM. Comment: analysis of the influence of dabi-

gatran on coagulation factors and inhibitors. Int J Lab Hematol. 2016;

38(1):e4. doi:10.1111/ijlh.12439

24. Barriere SL, Goldberg MR, Janc JW, Higgins DL, Macy PA,

Adcock DM. Effects of telavancin on coagulation test results. Int J Clin

Pract. 2011;65(7):784-789.

25. Webster PS, Oleson FB, Paterson DL, et al. Interaction of daptomycin

with two recombinant thromboplastin reagents leads to falsely pro-

longed patient prothrombin time/international normalized ratio

results. Blood Coagul Fibrinolysis. 2008;19(1):32-38.

26. Bethel M, Adcock D, Zalevsky J, Young M. Polyethylene glycol pro-

longation of the aPTT in two biopharmaceuticals. Int J Lab Hematol.

2007;29(Suppl 1):69.

27. Devreese KM, Verfaillie CJ, De Bisschop F, Delanghe JR. Interference

of C-reactive protein with clotting times. Clin Chem Lab Med. 2015;53

(5):e141-e145.

28. Tsikouris JP, Ii KC, Fike DS, Cox CD, Meyerrose GE, Seifert CF.

Thrombolytic fibrin specificity influences activated partial thrombo-

plastin time prolongation in vitro. Blood Coagul Fibrinolysis. 2002;13:

725-731.

29. Murphy J. General pharmacokinetic principles. In: Murphy J,

ed. Clinical Pharmacokinetics. 7th ed. American Society of Health-Sys-

tem Pharmacists; 2021.

ADCOCK ET AL. 787

 1751553x, 2024, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ijlh.14344 by C

ochraneC
hina, W

iley O
nline L

ibrary on [17/12/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-2987-281X
https://orcid.org/0000-0002-2987-281X
https://orcid.org/0000-0002-8920-3765
https://orcid.org/0000-0002-8920-3765
https://orcid.org/0000-0002-5669-8722
https://orcid.org/0000-0002-5669-8722
info:doi/10.1055/s-0042-1756196
info:doi/10.1309/RREK-8L6M-D2KC-HWLH
info:doi/10.1515/cclm-2015-0978
info:doi/10.1515/cclm-2015-0978
info:doi/10.5858/arpa.2021-0123-OA
info:doi/10.1038/aja.2009.9
info:doi/10.1016/j.thromres.2015.05.001
info:doi/10.1016/j.thromres.2015.05.001
info:doi/10.1111/ijlh.12439


30. Kershaw G, Orellana D. Mixing tests: diagnostic aids in the investiga-

tion of prolonged prothrombin times and activated partial thrombo-

plastin times. Semin Thromb Hemost. 2013;39(3):283-290. doi:10.

1055/s-0033-1336832

31. Clinical Laboratory Standards Institute. Collection, transport and pro-

cessing of blood specimens for testing plasma-based coagulation

assays and molecular hemostasis assays: approved guideline, 5th edi-

tion. CLSI H21-A510 2008.

32. Adcock DM, Favaloro EJ. Pearls and pitfalls in factor inhibitor assays.

Int J Lab Hematol. 2015;37(Suppl 1):52-60. doi:10.1111/ijlh.12352

33. Adcock DM, Kressin DC, Marlar RA. Minimum specimen volume

requirements for routine coagulation testing: dependence on citrate

concentration. Am J Clin Pathol. 1998;109:595-599.

34. Kitchen S, McGraw A, Enchenagucia M. Diagnosis of hemophilia and

other bleeding disorders: a laboratory manual (second edition). World

Federation of Hemophilia; 2010.

35. Favaloro EJ, Soltani S, McDonald J. Potential laboratory misdiagnosis

of hemophilia and won Willebrand disorder owing to cold activation

of blood samples for testing. Am J Clin Pathol. 2004;122:686-692.

36. Kim YA, Lewandrowski KB, Licien FA, Can Cott EM. The effects of

transport temperature and time on routine and specialized coagula-

tion assays. Blood Coagul Fibrinolysis. 2018;29:184-188.

37. Trondsetås L, Mikkelsen G, Lian IA. The effects of dry ice exposure

on plasma pH and coagulation analyses. Clin Chem Lab Med. 2017;56

(1):59-64. doi:10.1515/cclm-2017-0263

38. Gosselin RC, Honeychurch K, Kang HJ, Dwyre DM. Effects of storage

and thawing conditions on coagulation testing. Int J Lab Hematol.

2015;37(4):551-559. doi:10.1111/ijlh.12342

39. Fritsma GA, Dembitzer FR, Randhawa A, et al. Recommendations for

appropriate activated partial thromboplastin time reagent selection

and utilization. Am J Clin Pathol. 2012;137(6):904-908. doi:10.11309/

AJCPJ1ZKYBFQXJM

40. Bowyer A, Kitchen S, Makris M. The responsiveness of different

APTT reagents to mild factor VIII, IX and XI deficiencies. Int J Lab

Hematol. 2011;33(2):154-158.

41. Lawrie AS, Kitchen S, Efthymiou M, Mackie IJ, Machin SJ. Determina-

tion of APTT factor sensitivity-the misguiding guideline. Int J Lab

Hematol. 2013;35(6):652-657. doi:10.1111/ijlh.12109

42. Clinical & Laboratory Standards Institute. CLSI EP28-A3CDefining,

establishing, and verifying reference intervals in the clinical labora-

tory, 3rd ed. 2010.

43. Jones GRD, Haeckel R, Loh TP, et al. Indirect methods for reference

interval determination – review and recommendations. Clinical Chem-

istry and Laboratory Medicine (CCLM). 2019;57(1):20-29. doi:10.1515/

cclm-2018-0073

44. Tate JR, Yen T, Jones GRD. Transference and validation of reference

intervals. Clin Chem. 2015;61(8):1012-1015. doi:10.1373/clinchem.

2015.243055

45. Lippi G, Salvagno GL, Adcock DM, Gelati M, Guidi GC, Favaloro EJ.

Right or wrong sample received for coagulation testing? Tentative

algorithms for detection of an incorrect sample. Int J Lab Hematol.

2010;32(1 pt 2):132-138. doi:10.1111/j.1751-553X.2009.01142.x

46. Gosselin RC, Moore GW, Kershaw GW, Montalvão S, Adcock DM.

International Council for Standardization in Haematology field study

evaluating optimal interpretation methods for activated partial

thromboplastin time and prothrombin time mixing studies. Arch

Pathol Lab Med. 2023. Epub ahead of print. doi:10.5858/arpa.2023-

0030-OA

47. Meijer P, Peyvandi F, Young G, Pruthi R, de Lima MS, Kitchen S. Inter-

national Council for Standardization in Haematology recommenda-

tions for laboratory measurement of factor VIII and FIX type I

inhibitors. Int J Lab Hematol. 2023;45(4):413-424. doi:10.1111/ijlh.

14109

48. Reddy S, Friend S, Quintana D, Lockhart EM. Early detection of lupus

anticoagulant-hypoprothrombinemia syndrome by rotational Throm-

boelastometry. Blood. 2015;126:4699. doi:10.1182/blood.V126.23.

4699.4699

49. Mazodier K, Arnaud L, Mathian A, et al. Lupus anticoagulant-hypo-

prothrombinemia syndrome: report of 8 cases and review of the liter-

ature. Medicine. 2012;91(5):251-260. doi:10.1097/MD.0b013e31826

b971f

50. Gosselin RC, Castellone D, Dorgalaleh HK, et al. International Council

for Standardization in Haematology guidance for new lot verification

of coagulation reagents, calibrators, and controls. Semin Thromb

Hemost. 2023. Epub ahead of print. doi:10.1055/s-0043-1776405

51. Centers for Medicare & Medicaid Services (CMS). Individualized qual-

ity control plan (IQCP). https://www.cms.gov/medicare/quality/

clinical-laboratory-improvement-amendments/quality-control

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Adcock DM, Moore GW,

Kershaw GW, Montalvao SAL, Gosselin RC. International

Council for Standardization in Haematology (ICSH)

recommendations for the performance and interpretation of

activated partial thromboplastin time and prothrombin time

mixing tests. Int J Lab Hematol. 2024;46(5):777‐788. doi:10.

1111/ijlh.14344

788 ADCOCK ET AL.

 1751553x, 2024, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ijlh.14344 by C

ochraneC
hina, W

iley O
nline L

ibrary on [17/12/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

info:doi/10.1055/s-0033-1336832
info:doi/10.1055/s-0033-1336832
info:doi/10.1111/ijlh.12352
info:doi/10.1515/cclm-2017-0263
info:doi/10.1111/ijlh.12342
info:doi/10.11309/AJCPJ1ZKYBFQXJM
info:doi/10.11309/AJCPJ1ZKYBFQXJM
info:doi/10.1111/ijlh.12109
info:doi/10.1515/cclm-2018-0073
info:doi/10.1515/cclm-2018-0073
info:doi/10.1373/clinchem.2015.243055
info:doi/10.1373/clinchem.2015.243055
info:doi/10.1111/j.1751-553X.2009.01142.x
info:doi/10.5858/arpa.2023-0030-OA
info:doi/10.5858/arpa.2023-0030-OA
info:doi/10.1111/ijlh.14109
info:doi/10.1111/ijlh.14109
info:doi/10.1182/blood.V126.23.4699.4699
info:doi/10.1182/blood.V126.23.4699.4699
info:doi/10.1097/MD.0b013e31826b971f
info:doi/10.1097/MD.0b013e31826b971f
info:doi/10.1055/s-0043-1776405
https://www.cms.gov/medicare/quality/clinical-laboratory-improvement-amendments/quality-control
https://www.cms.gov/medicare/quality/clinical-laboratory-improvement-amendments/quality-control
info:doi/10.1111/ijlh.14344
info:doi/10.1111/ijlh.14344

	International Council for Standardization in Haematology (ICSH) recommendations for the performance and interpretation of a...
	1  INTRODUCTION
	2  PREANALYTICAL
	2.1  Appropriate use of the mixing test
	2.2  Patient history
	2.3  Patient sample: sample collection
	2.4  Patient sample: handling
	2.5  Patient sample: centrifugation
	2.6  Patient sample: sample stability
	2.7  Normal pooled plasma

	3  ANAYLTICAL
	3.1  APTT, PT reagents, and instrument platform
	3.2  PT and APTT RI determination
	3.3  Mixing study procedure

	4  POSTANALYTICAL
	4.1  Methods to determine correction
	4.2  Result reporting

	5  QUALITY ASSURANCE CONSIDERATIONS
	5.1  Validation studies
	5.2  Quality control
	5.3  External proficiency program

	6  CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


