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June 2016—CAP Press has released the second edition of its 2008 book, An Algorithmic Approach to Hemostasis
Testing, edited by Kandice Kottke-Marchant, MD, PhD. She is chair of the Robert J. Tomsich Pathology and
Laboratory Medicine Institute and section head of hemostasis and thrombosis, Cleveland Clinic Foundation. What
follows is a sample chapter written by two of the 20 contributors, Elizabeth Van Cott, MD, of Massachusetts General
Hospital, and Charles Eby, MD, of Washington University School of Medicine. Because of space limitations, we
eliminated here their two sections on anticardiolipin antibody testing and other antiphospholipid antibody
immunoassays and clinical features and diagnosis, as well as the suggested reading list.

Introduction. Antiphospholipid antibodies are acquired autoantibodies
directed against phospholipid-protein complexes. These antibodies are
associated with an increased risk for venous and arterial thrombosis as well An Algorithmic Approach to
as miscarriage. The two main types of antiphospholipid antibodies are lupus HEMOSTASIS TESTING
anticoagulants and antibodies against anticardiolipin-beta 2-glycoprotein
complexes. The antiphospholipid antibody syndrome is diagnosed in patients
with a history of thrombosis or certain obstetric complications plus a positive
laboratory test for antiphospholipid antibodies that persists for more than 12
weeks.

Lupus anticoagulants are acquired autoantibodies that prolong a variety of phospholipid-dependent clotting tests.
Although originally identified in patients with systemic lupus erythematosus, leading to the name lupus
anticoagulant, this heterogeneous group of antibodies does not typically cause excessive bleeding, and although
lupus anticoagulants are common in patients with systemic lupus erythematosus and other autoimmune disorders,
most patients with a lupus anticoagulant do not have an autoimmune condition.

Anticardiolipin antibodies recognize a complex of cardiolipin (a phospholipid normally found in mitochondria) bound
to a protein called beta 2-glycoprotein | (B2GPI). The in vivo function of B2GPI is not certain, but it is known to bind
to anionic phospholipid membranes. Recent evidence shows that it inhibits von Willebrand factor adhesion to
platelets. Lupus anticoagulants are more heterogeneous. Laboratory investigations have identified several target
proteins (prothrombin, B2GPI, protein C, protein S, and annexin V) and have confirmed that the plasma from a
patient with a lupus anticoagulant typically contains autoantibodies that recognize more than one epitope.

The pathologic mechanisms involved in antiphospholipid antibody-associated thrombotic complications remain
obscure. Many different mechanisms have been proposed. One mechanism implicates antiphospholipid antibodies
in the disruption of annexin V (annexin A5) binding to phospholipid membranes. Annexin V is a protein that
prevents the formation of coagulation complexes on phospholipid surfaces; decreased binding caused by
antiphospholipid antibodies could lead to increased coagulation complex formation and thrombosis. In addition,
there is evidence that anti-B2GPI antibodies neutralize B2GPI inhibition of von Willebrand factor adhesion to
platelets and also activate pathways in platelets, monocytes, and endothelial cells, which may have prothrombotic
effects.
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Laboratory Testing for Antiphospholipid Antibodies

Patients suspected of having antiphospholipid antibody syndrome should be tested for both lupus anticoagulants
and anticardiolipin antibodies because patients with this syndrome can have lupus anticoagulants alone,
anticardiolipin antibodies alone, or both. Some clinicians also order testing for anti-b2GPI antibodies. The case
study on page 73 provides an example of the laboratory evaluation for antiphospholipid antibodies.

Lupus Anticoagulant Testing and Guidelines

In the hemostasis laboratory, the presence of a lupus anticoagulant (LA) is detected indirectly by:

= observing a prolongation of a phospholipid-dependent clotting test
designed to be sensitive to LA;

= demonstrating an inhibitor effect and ruling out a coagulopathy by
showing incomplete correction of the prolonged clotting time in a 50:50
mix of patient and normal pooled plasma;

= demonstrating phospholipid dependence, typically shown by shortening of
the clotting time with the addition of more phospholipid; and

= evaluating for the possibility of a co-existing specific factor inhibitor,
particularly against factor VIII, or an anticoagulant drug such as heparin,
direct thrombin inhibitor, or direct factor Xa inhibitor.

Because of both LA heterogeneity and variation in methods, reagents, and instrumentation, no single clotting test
provides adequate sensitivity for detection of lupus anticoagulants. Therefore, in 1995 the International Society on
Thrombosis and Haemostasis (ISTH) Scientific Subcommittee on Lupus Anticoagulants/Phospholipid-Dependent
Antibodies recommended that at least two sensitive screening tests for LA that assess different components of the
coagulation pathway—intrinsic (activated partial thromboplastin time [aPTT], kaolin clotting time [KCT]), extrinsic
(dilute prothrombin time [dPT]), and common pathway (dilute Russell viper venom time [dRVVT])—be employed
and, if positive, mixing and confirmation steps be performed using the same test method. The ISTH updated their
guidelines in 2009. Among the updates, two test methods were recommended: aPTT and dRVVT, and a mixing
study was no longer considered required for integrated test systems that include screening and confirmation in a
single procedure. In recent years, it has become more widely known that lupus anticoagulants often falsely correct
to normal in mixing studies.

In 2014, the Clinical and Laboratory Standards Institute (CLSI) published its first guideline for LA testing. When
compared to the 2009 ISTH guidelines, key differences include:

= Screening and confirmatory assays have priority over mixing studies

» No restriction on the test method used such as dPT or KCT (although both
the aPTT-based and dRVVT-based methods are the preferred first-line
assays)

» Using normalized ratios for all applicable LA tests

= Reporting results as “indeterminate” is acceptable if testing as a whole
does not clearly distinguish between the presence and absence of LA in
the patient



Multiple methods and reagents have been proposed for LA testing, and laboratories use a variety of combinations
of in-house and commercial assays. As a result, proficiency testing results for LA have been poor for borderline-
and weak-positive samples, whereas better agreement has been reported for negative or strongly positive LA
plasmas. Presently, a lupus anticoagulant standard does not exist, although b2GPI monoclonal antibodies have
been used successfully for LA proficiency testing. The strength or potency of a positive LA plasma has not been
shown to correlate with the risk of thrombotic complications, and therefore LA test results are usually reported as
positive or negative.

In order to fulfill the consensus laboratory criteria for antiphospholipid antibody syndrome, persistence of a lupus
anticoagulant must be confirmed by repeated testing at an interval of =12 weeks. LA test results that are initially
weakly positive are often transient, reinforcing the importance of confirmatory testing.

Preanalytic Variables. There are numerous preanalytic variables that can affect LA test results. Residual
platelets in the test plasma (and control plasma used for mixing steps), especially if samples are frozen and
thawed at a later time for testing, can produce platelet microparticles that absorb and neutralize LA antibodies,
thus producing a false-negative screening or mixing test. To avoid this interference, quality control measures
should be undertaken to ensure that residual platelet counts in plasma are less than 10,000/uL. Filtration of test
plasma through a 0.22-um filter before freezing or after thawing has been used to remove residual platelets and
microparticles, but these filters can prolong clotting times by removing certain coagulation factors and also remove
large von Willebrand factor multimers. Therefore, use of filters is not currently recommended. The normal pooled
plasma used in mixing studies should not be lyophilized.

Patients with inherited or acquired coagulopathies, or who are taking an oral vitamin K antagonist (warfarin), may
have false-positive LA screen results due to decreased plasma levels of coagulation factors. Ideally, repeating the
screening test on a 50:50 mix of test and control plasma will produce a substantial correction with factor
deficiencies and warfarin therapy, but false-positive mixing studies can occur with warfarin. In general, although
lupus anticoagulants are associated with a positive 50:50 mixing study, some weak lupus anticoagulants will have
a negative mixing study result.

Plasma that contains heparin may produce false-positive LA screening tests and complicate the interpretation of
mix-and-confirm steps. Performing a thrombin time and, if prolonged, performing a thrombin time after treating
the specimen with protamine or heparinase to neutralize heparin, or a reptilase time, which uses a snake venom
insensitive to heparin, will identify heparin-contaminated samples. An anti-Xa assay, which detects all heparin
types, can also be used. If heparin is present in a test plasma, options include neutralizing or degrading heparin in
the test plasma before performing LA testing, using commercial LA reagents that contain a heparin-neutralizing
material, or obtaining a new sample that is free of heparin. Even if the LA reagent contains a heparin neutralizer,
caution should be used because heparin concentrations often exceed the heparin-neutralizing capability of the
reagent (typical neutralization up to 1 U/mL anti-Xa activity).

Direct thrombin inhibitors (DTIs), such as dabigatran, argatroban, bivalirudin, and hirudin, may cause false-positive
LA results by blocking the active site on thrombin molecules. A thrombin time is a sensitive screen for DTls as well,
but it will remain prolonged after a heparin neutralization step if a DTl is present. Because DTIs cannot be
neutralized or absorbed, LA testing should not be performed when the presence of a DTl is suspected, and a new
specimen should be obtained after the DTI therapy has been discontinued. See Figure 24-1 for a suggested testing
algorithm. Similarly, the new factor Xa inhibitors, such as rivaroxaban, apixaban, and edoxaban, can also cause
false-positive LA results. A positive anti-Xa assay with a normal thrombin time can be used to detect the presence
of a factor Xa inhibitor, as shown in Figure 24-1. Currently, Food and Drug Administration-approved calibrators are
not available for rivaroxaban or apixaban. Nevertheless, the presence of a factor Xa inhibitor is detected by an
anti-Xa assay even if heparin, low-molecular weight heparin, or fondaparinux is used as the calibrator, as the assay
cannot distinguish which anticoagulant is inhibiting factor Xa. However, without rivaroxaban or apixaban
calibration, the result would not provide concentration of these oral factor Xa inhibitors; it would just reveal
whether or not factor Xa inhibition is detected. Because these new factor Xa inhibitors cannot be neutralized, LA
testing should not be performed when a patient is taking one of these drugs.
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Fig. 24-1. There are many possible laboratory algorithms for diagnosis of the presence of
a lupus anticoagulant (LA). Testing usually involves two phospholipid-dependent screening
assays, such as the activated partial thromboplastin time with dilute phospholipid (daPTT),
the dilute Russell viper venom time (dRVVT), or the dilute prothrombin time (dPT). If the
screening test result is prolonged, a heparin, direct thrombin inhibitor (DTI), or factor Xa
inhibitor effect should be excluded. This can be accomplished with the use of the thrombin
time and anti-Xa assays combined with heparin removal/neutralization. If heparin is
present, the sample can be tested further after heparin removal. If a DTI or factor Xa
inhibitor is identified, testing should stop because these drugs cannot be neutralized and
can result in false-positive lupus anticoagulant testing. | A mixing study, using a 50:50 mix
of the patient’s plasma with normal pooled plasma, will usually not show correction with a
lupus anticoagulant. Since the mixing study can falsely correct to normal with some LA,
some laboratories proceed to the confirmatory step regardless of the mixing study result.
Confirmatory testing involves demonstration of phospholipid (PL) dependence by
repeating the abnormal screening assay with the addition of phospholipid and
demonstrating a normalization of the clotting time. A factor inhibitor should also be
excluded by performing factor assays.

Abbreviations: PL, phospholipid; PNP, platelet neutralization procedure.

Elevated factor VIII or baseline short clotting times might cause false-negative LA tests by preventing what would
otherwise be a prolonged clotting time. A recent in vitro study found that significantly elevated C-reactive protein
may cause false-positive lupus anticoagulant results with some aPTT-based screening and confirmatory methods,
including the hexagonal phase assay. Severe, active infectious or inflammatory conditions can produce markedly
elevated CRP, and this may explain some cases of transient positive LA.

Testing for a Lupus Anticoagulant. Lupus anticoagulants prolong various phospholipid-dependent clotting
times because lupus anticoagulants are antiphospholipid antibodies, and phospholipid is essential for several steps
in the coagulation cascade. If LA is present, it binds to phospholipid-protein complexes in the test tube, thereby
interfering with the coagulation cascade and prolonging the clotting times. A testing algorithm for laboratory
diagnosis of the presence of LA is shown in Figure 24-1 and is described below.



The most commonly used screening test for LA is an aPTT-based method. Laboratories can make their own
sensitive aPTT reagent, for example, using the Bell and Alton extract, but most use a commercial LA-sensitive aPTT
product. The diversity of reagent (quantity and quality of phospholipid) and instrument combinations is responsible
for substantial variability in aPTT sensitivity for LA.

When the screening aPTT is prolonged, and the presence of an anticoagulant such as heparin, DTI, or Xa inhibitor is
ruled out, a 50:50 mix with normal pooled plasma can be performed next. Often, mixing studies are performed
before and after incubation of the mixture of the patient’s plasma with normal pooled plasma at 37°C to
distinguish an LA from a specific factor inhibitor. Lupus anticoagulants typically show maximal inhibitory effect
immediately upon mixing the patient’s plasma with normal plasma, whereas factor V and factor VIII inhibitors show
maximal inhibitory effect only after prolonged incubation. The performance and interpretation of mixing study
assays has been covered in detail in chapter 6, Coagulation Testing. If the aPTT is not adequately corrected (there
is no consensus on the criteria for evaluating 50:50 mix results), a confirmation step is performed by repeating the
aPTT with addition of extra phospholipid or by performing the platelet neutralization procedure (PNP).

The PNP is performed by repeating the aPTT with a platelet lysate as a source of phospholipids; if a lupus
anticoagulant is present, the aPTT should become shorter as a result of binding by the excess membrane
phospholipids. Platelet lysate preparations are available commercially or may be prepared from outdated platelets
from the blood bank, provided the process and assay are validated. To prepare the lysate, platelets are centrifuged
at 197g to remove red blood cells and washed three times with Tris-buffered saline. The platelet count is adjusted
to 200,000 to 300,000 platelets/uL, and aliquots are frozen at -20°C. To perform the PNP, a platelet lysate aliquot is
thawed and two aPTTs are performed in parallel: (1) lysate aPTT performed with 0.1 mL aPTT reagent + 0.1 mL
test plasma + 0.1 mL frozen platelet suspension/excess phospholipid; and (2) saline aPTT performed with 0.1 mL
aPTT reagent + 0.1 mL test plasma + 0.1 mL normal saline. The mixtures are incubated at 37°C for 5 minutes, 0.1
mL 25 mM CaCl2 is added, and clotting times are determined. The PNP difference (delta) is calculated as follows:

A = saline aPTT — lysate aPTT

Each laboratory should determine an upper limit for the delta based on a local reference population for each lot of
platelet lysate; if a patient’s delta exceeds the cutoff, this is indicative of phospholipid dependence.



Case Study

A 23-year-old woman with a history of
Hashimoto thyroiditis was admitted
with a fever and rash on her face, chest,
and back, as well as a 2-week history of
generalized stiffness in her joints. She
was not taking any anticoagulants, such
as direct thrombin inhibitors or factor
Xa inhibitors. Routine admission co-
agulation tests revealed the following:

Reference
Test Value Range
PTis) 125 11.213.2
aPTT (s) 53.2 22.1-344
aPTT after heparinase™ (s)  52.8
Fibrimogen (mg/dL) 273 150400
*Degrades heparin if present

The prolonged aPTT was unex-
plained and unexpected. The aPTT
prolongation is not due to heparin,
because the aPTT remained prolonged
after treating the specimen with hepa-
rinase. Therefore, the climcans asked
the laboratory toidentify the etiology of
the aPTT prolongation. Further studies
revealed the following: aPTT 1:1 mux
37.0 seconds at time 0, 37.9 seconds
at 30 minutes, and 38.7 seconds at &0
minutes. Because these clotting times
were prolonged (not corrected), lupus
anticoagulant (LA) assays were per-
formed, yielding the following results:

Reference
Test Value Range
PTT-LA (s 70.2 20-45

(lupus-sensitive aPTT) = positive screen
PTT-LA 1:1 mix (5} 58.1 not comected)
= positive inhibitor mix
Hexxagonal phase Staclot LA POSITIVE
(96.5 5 with buffer, 62.8 s with hexagonal
phasa phospholipids = A 27.0,
where A =8 is positive) = confirms phospholipid
dependency of
inhibitor activity

dRVWT screen ratio 67 s/32s5=21 =1.2

dRVTT mix ratio B0s/32s=19 =12
dRWT confirm ratio Js/28s=1.1
Normalized ratio

{screen/confirm) 21/11=18 =12

Test Value Range
dRWT POSITIVE based on elevated normalized ratio
g6 anticardiolipin antibody 484 <15
(lgG phospholipid units)
loM anticardiolipin antibody ~ 27.9 <15
(lgM phaspholipid units)
To complete the evaluation, aPTT

factor assays were performed to ensure
that an underlying factor deficiency
(or inhibitor) was not present, given

the prolonged aPTT. Thel results were
as follows:

Assay Dilution  1:5 110 1:20 1:40 1:80
FactorVil (%) - 86 105 126 142

Factor (%) 36 43 47T 5 56
FactorXI{%) 16 36 &1 54 59
FactorXil (%) 32 50 7O 74 80

The factor assay results increase with
mcreasing dilution, which is character-
istic of nonspecific LA interference in
these al'TT-based assays. This does not
always ocour with LA, and itis also pos-
sible for the inhibitory interference to be
seen in some of the factor assays, but
not others. The fact that the factor levels
are normal or near normal at the highest
dilution indicates that there is no labora-
tory evidence for the presence of a spe-
results also demonstrate the importance
of routinely performing factor assays at
two or more dilutions. For example, if
only the 1:5 or 1:10 dilution had been
performed, the factor levels would have

In conclusion, the aPTT prolonga-
tion is due to a lupus anticoagulant. As
a result of the patient’s clinical evalu-
ation during her hospitalization, she
was diagnosed with systemic lupus
erythematosus. Her antiphospholipid
antibodies persisted beyond 12 weeks,
and therefore she would qualify for
a diagnosis of antiphospholipid an-
tibody syndrome if she developed
thrombosis or miscarriage within 5
years of the positive tests. After several
years of follow-up, she has not devel-
oped thrombosis or miscarriages and
therefore does not have antiphospho-
lipid antibody = me.

The hexagonal phase
phospholipid
neutralization
(Staclot LA;
Diagnostica Stago,
France) is a
commonly used and
sensitive commercial
aPTT-based LA test
that combines
screen, mix, and
confirm steps. The
source of extra
phospholipid is a
hexagonal phase
phospholipid. Some
laboratories start
with a screen step,
not required by the
manufacturer, in
which an aPTT is
performed with the
LA-sensitive
phospholipid
activator provided
with the kit, and a
positive  cutoff is
determined from a
reference population.
The mix-and-confirm
step requires
preparation of two
tubes containing a
50:50 mix of test
plasma and normal
pooled plasma
(provided in the kit,
with polybrene to
neutralize heparin).
Buffer is added to
tube 1, and a
phospholipid
(phosphatidyl-
ethanolamine)
extract from
soybeans that
retains a hexagonal
structure and avidly
binds

antiphospholipid antibodies is added to tube 2. After incubation, a lupus-sensitive aPTT reagent is added to each
tube, followed by CaCl2, and clotting times are determined. If a lupus anticoagulant is present, a shorter aPTT



should be obtained with the addition of hexagonal phase phospholipid to tube 2, and the difference (delta),
calculated as A=tube 1 aPTT —tube 2 aPTT, will be positive. The manufacturer recommends a cutoff of =8
seconds as diagnostic for the presence of LA when testing is performed on a manual ST4 (Stago) instrument;
however, laboratories should establish their own lot-specific reference ranges for the assay. When the test is used
on other platforms, an instrument-specific cutoff should be determined. False-positive Staclot LA results have been
reported when a moderate or strong factor VIII inhibitor is present, which could delay recognition of a serious
acquired bleeding disorder.

The dilute Russell viper venom time is one of the most commonly performed LA screening tests. Russell viper
venom activates factor X to initiate the common coagulation pathway. “Dilute” indicates that a dilute (minimal)
amount of phospholipid is present, and phospholipid is required to form the prothrombinase complex that converts
prothrombin into thrombin. If LA is present, it should bind to the phospholipid, thereby prolonging the dRVVT
clotting time. The major advantage of the dRVVT method is that it is unaffected by alterations in the extrinsic or
intrinsic coagulation pathways (inhibitors, coagulopathies, elevated factor VIII activity). However, common pathway
factor deficiencies or inhibitors, excess heparin, and direct thrombin inhibitor or factor Xa inhibitor anticoagulants
can produce false-positive results.

The variable sensitivity of dRVVT methods used to screen for LA is due primarily to different sources and
concentrations of Russell viper venom and phospholipid reagents. Commercial dRVVT kits provide reagents for
both LA screen and confirm steps and typically contain a heparin-neutralizing agent. Typically, the dRVVT assay
employs three phases: (1) dRVVT screen, (2) dRVVT mix, and (3) dRVVT confirm. At each step, results are
commonly reported as a ratio of the patient’s plasma clotting time divided by the clotting time of NPP. The cutoff
for a positive dRVVT screen ratio is greater than twice the standard deviation (SD) of the dRVVT ratio mean from a
reference population (>mean+2SD). If the screen is positive, the dRVVT mix is performed using a 50:50 mixture of
patient plasma and normal pooled plasma (NPP). A dRVVT mix ratio is calculated as follows:

dRVVT mix ratio =
dRWWT screen (50:50 mix patient:NPF)

dRVVT screen (NPP)

A typical cutoff for a positive mix ratio is greater than twice the SD of the mean of the ratio of a reference
population. If the screen and mix ratios are both positive, first the dRVVT confirm ratio step is performed using
added phospholipid. The dRVVT confirm ratio is calculated as follows:

dRVWT confirm ratio =
dRWWT confirm (patient plasma)
dRWT confirm (NPP)

Then a normalized dRVVT ratio is calculated using the screen ratio in the numerator and the confirm ratio in the
denominator:

Mormalized ratio =
dRVVT screen ratio
dRVWT confirm ratio

The cutoff for the normalized ratio is greater than twice the SD of the mean of the normalized ratio of a reference
population. Commercial dRVVT kits vary in their sensitivity for detecting LA. Laboratories should review the
literature and proficiency testing survey results and select a sensitive one.

The kaolin clotting time (KCT) was first described as a screen for LA in 1978 by Exner et al. It is considered to be



one of the most sensitive LA screen methods and continues to be popular in European hemostasis laboratories,
although current guidelines prefer aPTT-based and dRVVT-based methods as the first-line tests. As with aPTT-
based tests, the KCT is based on the principle that activation of factor X and prothrombin on the surface of residual
phospholipid in platelet-poor plasma is markedly sensitive to interference from LA antibodies. The activator (kaolin)
is added to different ratios of platelet-poor test plasma and normal pooled plasma without an exogenous source of
phospholipid, and clotting times are monitored. The delta KCT is a variation of the original method. Two
preparations of test plasma are used: diluted 1:4 with normal pooled plasma and undiluted. In step 1, 0.2 mL of 1:4
or undiluted test plasma is combined with 0.1 mL 2% kaolin and incubated for 3 minutes. In step 2, 0.2 mL of
25 mM CaCl2 is added and clotting time is measured. Then, the following calculation is made:

A KCT = KCT (undiluted)
—KCT (1:4 test:NPF)

A typical cutoff value for LA is a delta greater than 14 seconds. The KCT method is an extremely sensitive
screening test for most lupus anticoagulants, is inexpensive, and can be automated. The KCT is also exquisitely
sensitive to residual platelets, which led some to filter (0.2-um filter) the platelet-poor plasma before testing, or
before freezing for later testing, to prevent false-negative results. However, the use of filters is not recommended
by current CLSI guidelines.

Another “in-house” or commercially available LA screening technique is the dilute prothrombin time (dPT), also
known as the tissue thromboplastin inhibition or thromboplastin dilution test. Routine prothrombin time (PT)
reagents contain a large amount of phospholipid, such that PT clotting times are typically normal in the presence
of LA. Performing a PT with a diluted commercial thromboplastin (range 1:50 to 1:1000) enhances sensitivity to the
presence of a lupus anticoagulant by diluting the amount of phospholipid. In other words, LA can prolong the
clotting time of a dPT reagent, whereas undiluted PT reagents usually contain too much phospholipid for LA to
interfere. However, the sensitivity of dPT LA screen is dependent on the type (recombinant human vs rabbit or
bovine tissue-derived) and brand of thromboplastin, the coagulation instrumentation, and, most important, the
dilution factor that is used. Because there is no accepted standard method, the reported sensitivity of the dPT LA
screen is variable.

Exclusion of Other Abnormalities (Factor Inhibitors). Certain inhibitors can cause false-positive LA tests.
Conversely, lupus anticoagulants can cause false-positive Bethesda assays for factor VIII inhibitor quantification. If
LA tests are positive, efforts should be made to ensure that a different type of inhibitor is not present. This should
include excluding the possibility of heparin, a direct thrombin inhibitor (such as dabigatran, argatroban, bivalirudin,
or hirudin), or a direct factor Xa inhibitor, as described above. If the routine aPTT and PT are normal, the laboratory
can be reasonably sure that a specific inhibitor (such as a factor VIII inhibitor) is not present. If the routine aPTT is
prolonged and no anticoagulants are present, a factor VIII assay should be considered to ensure that a factor VI
inhibitor is not present. Assays for factors IX and Xl can also be considered if the factor VIII activity is normal. If the
PT is prolonged and no anticoagulants are present, assays for factors Il, V, VII, X, and fibrinogen can be considered.

Three or more dilutions should be used in the factor assays. If a lupus anticoagulant, heparin, factor Xa inhibitor, or
direct thrombin inhibitor is present, the measured factor level will be lower at the lower dilution (eg, 1:10) than at a
higher dilution (eg, 1:20). If a specific factor inhibitor is present, the activity of the targeted factor is usually less
than 10% with minimal increase upon dilution, and more normal results are typically obtained for other factors
(although the other factor assays may show a mild increase upon dilution, ie, weaker specific inhibitor effect; see
the example factor assays in the case study presented in this chapter).

If a markedly low factor VIIl is found in a patient who also tests positive for LA, a chromogenic factor VIII assay
might be useful to distinguish between a true decrease in factor VIl due to a factor VIl inhibitor versus an
unusually strong interference in the factor VIII assay due to the LA. Lupus anticoagulants do not interfere with
chromogenic factor VIII assays; therefore, if the low factor VIII activity (by the routine aPTT-based assay) is due to
LA interference, the chromogenic factor VIII result will be normal. If, on the other hand, the low factor VIII activity in



the routine aPTT-based assay is due to a true decrease resulting from a factor VIl inhibitor, the chromogenic factor
VIII result will also be low. Rare patients may demonstrate both LA and factor VIII inhibitor activity.

When Results Do Not Agree. When one LA confirmatory test is positive but another is negative (for example,
positive hexagonal phase with negative dRVVT), the overall interpretation is that the patient is positive for LA,
because no single test is 100% sensitive for LA. However, possible causes of false-positive results in the positive
assay should be considered, and it is recommended that the test be repeated 12 or more weeks later with the
same method to determine if the LA is persistent. When the mixing step is positive but the confirm step is
negative, the results should be considered negative for LA, and other causes for prolonged mixing studies should
be investigated. Lastly, if the mixing step is negative (corrects to normal) while the phospholipid confirmatory step
is positive, the results are positive for LA, if reasons for false-positive confirmatory results can be excluded. It is
possible that a mixing study can be falsely negative because of dilution of the LA.

Due to the complexities of lupus anticoagulant testing, results are best accompanied by an interpretation by a
pathologist or other qualified expert.

Monitoring Anticoagulation in Patients With Lupus Anticoagulants

Lupus anticoagulants commonly prolong the aPTT. When patients with LA are treated with heparin, monitoring
heparin with the aPTT can be difficult because it is not known how much of the prolongation is due to heparin and
how much is due to the LA. Even if the aPTT is normal at baseline, it is possible that the LA will prolong the aPTT
beyond what is expected when heparin is added. One approach to such patients is to treat them with low-
molecular-weight heparin, which is not monitored with the aPTT and has a more predictable dose-response
relationship. If low-molecular-weight heparin is contraindicated and heparin must be used, a chromogenic heparin
assay (anti-factor Xa assay) can be performed. If heparin assays are performed, it is suggested that aPTT also be
measured on the same specimen to help assess which aPTT values are within the therapeutic range for the patient,
because aPTT tests are usually much more readily available.

It is less common that LA may prolong the PT, depending on the PT reagent. When patients with LA are treated
with warfarin, monitoring can occasionally be difficult because the PT/INR (prothrombin time/international
normalized ratio) might be prolonged by the lupus anticoagulant, even if the PT is normal at baseline. One
approach is to measure a chromogenic factor X level when the INR has reached the therapeutic range. A clot-
based factor X activity can probably suffice if a chromogenic factor X assay is not available, but the LA, in theory,
could interfere with the PT-based factor X assay. The laboratory should establish the range of factor X values that
correspond to an INR of 2 to 3 among patients on stable warfarin doses. An approximation is that an INR of 2 to 3
corresponds roughly to chromogenic factor X values of 20% to 40% and PT-based factor X values of 5% to 15%.



