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Acquired hemophilia A (AHA) should be suspected in patients with a new onset of
bleeding and an isolated prolongation of activated partial thromboplastin time. About
10% of patients do not bleed at the time of diagnosis, but are at risk of future bleeding,
particularly during interventions or surgery. Diagnosis of AHA is confirmed by demon-
strating markedly reduced factor VIII activity (FVIII:C) and neutralizing anti-FVIIl anti-
bodies, so-called inhibitors. Several limitations and pitfalls exist with the assays used to
diagnose AHA. Interference can result from anticoagulants or lupus anticoagulant. The
Bethesda assay used to measure inhibitor potency assumes a log-linear relationship
between inhibitor concentration and effect on residual FVIII:C activity to allow exact
quantification. However, this relationship is not present for the type 2 inhibitors typically
seen in AHA. Therefore, this assay only provides a rough estimate of inhibitor potency.
These limitations can explain, in part, why laboratory data, such as inhibitor potency,
failed to predict bleeding or response to treatment in AHA. This article reviews the
diagnostic approach to AHA, discusses assay-specific limitations and addresses some of

= autoantibody

Acquired hemophilia A [AHA) is caused by autoantibody
inhibitors against coagulation factor VII (FVII:C). AHA is a
serious condition with increased risk of bleeding, high mor-
bidity, and high mortality and can occur in previously healthy
men and women of every age.? Making a rapid and precise
diagnosis of AHA are vital to patients to recognize their risk of
bleeding from trauma or surgery and to provide adequate
hemostatic support, whenever needed.

With an estimated annual incidence of 1.4 per million,
AHA is a rare disorder. It is often associated with other
medical conditions {=Table 1). Most patients with AHA are
primarily seen by physicians, who may not have had previous
personal experience with AHA. It is therefore important to
increase the awareness of physicians for clinical symptoms
and laboratory signs of AHA.? Once suspected, the diagnostic
work-up of AHA is usually straightforward. The assays used,
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the challenges for future research.

however, show considerable variability among laboratories
and may also have some pitfalls that require specific
consideration.

This review examines the diagnostic work-up of AHA.
Specifically, limitations and possible pitfalls of laboratory
assays are discussed. Another objective is to provide a source
of education to physicians involved in the diagnosis of AHA,
but also to highlight gaps that warrant further evaluation and
research.

Methods

Literature Search

Literature searches were performed using the indexed online
database Medline/PubMed with the terms “acquired h{a)
emophilia,” “acquired factor VIl inhibitor(s),” “acquired
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804 Diagnosis of Acquired Hemophilia A Tiede et al.

Table 1 Conditions frequently associated with acquired
hemophilia

|solated prolonged aPTT

> Consider pharmacological anticoagulants

> Consider lupus anticoagulant

Abbreviation: AHA, acquired hemophilia A.

inhibitor(s),” and “Bethesda assay” in May 2014. The full
articles of the relevant abstracts were retrieved. Additional
relevant publications were identified in the references of
those articles and from the authors’ own libraries.

Patient Examples

The patients reported herein were treated in the Department
of Hematology, Hemostasis, Oncology, and Stem Cell Trans-
plantation at Hannover Medical School. Clinical information
was extracted by AT. from medical records. Laboratory
data were retrieved by A.T. and S.W. from the laboratory
information system of the departmental routine hemostasis
laboratory.

Diagnostic Algorithm

Various diagnostic algorithms have been suggested by an
international consensus group® and by others.>>® We pro-
pose a simplified algorithm, as depicted in =Fig. 1. Isolated
prolongation of activated partial thromboplastin time (aPTT)
is usually the first clue of AHA, particularly in patients with a
recent onset of bleeding. About 10% of AHA patients have not
vet had a bleed at time of diagnosis.” We therefore recom-
mend appropriate work-up of any unexplained aPTT pro-
longation until a diagnosis is made.

aPTT mixing studies are often suggested as a first step to
screen for the presence of an inhibitor."2 However, these
mixing assays are poorly validated and may not be specific
and sensitive enough to confirm or to rule out AHA (see later).
Their value may depend on local conditions and the time
needed to obtain specific testing.??

Where factor VIl coagulant (FVIIL:C) testing is rapidly
available, it appears straightforward to order this assay
irrespective of the aPTT mixing study results. In cohorts of
AHA, FVIIL:C activity was usually reduced to = 30 IU/dL, in
75% of the patients to < 5 IU/dL.” Depending on the popula-
tion, deficiency in factors IX, X1 and X1l have to be considered
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Condition Estimated frequency J
EACH2 UK surveillance VT cThTTTT !
study (%) study (%)% : aPTT mixing study

_________________ 1

Malignancy 12 15

Autoimmune 13 17

disorders

Postpartum period 8 2

Dermatological 1 3

conditions FVIII:C activity

Infections 4 Mot recorded

Drugs 3 Mot recorded

Others 12 Mot recorded Bethesda assay

None (idiopathic AHA) 52 63

Fig. 1 Proposed diagnostic algorithm for acquired hemophilia A.
aPTT, activated partial thromboplastin time; FVIII:C, factor VIII
coagulant.

alternative (or even more frequent) causes of isolated aPTT
prolongation. Thus, ordering these tests together with FVIIL:
C may provide more clarity.

If FVIIL:C activity is markedly reduced, demonstration
and quantification of an inhibitor can be obtained by the
Bethesda assay. Lupus anticoagulant (LA) and pharmaco-
logical inhibitors of coagulation should also be considered
during the work-up. Both settings may sometimes result
in an artificially low FVII:C activity and a false-positive
Bethesda assay. However, it should be noted that neither
the presence of an LA nor therapy with an anticoagulant
agent can formally exclude AHA. Consequently, it may be
required to perform additional tests or to obtain new
samples from the patient (see later).

Differential Diagnosis

Prolongation of aPTT can result from many causes (=Table 2).
Of these differential diagnoses, only deficiency in factor V1II
(hemophilia A and von Willebrand disease [VWD]), factor IX
(hemophilia B), and factor XI are associated with increased
bleeding. Medical history and bleeding pattern in these
conditions are very different from AHA. Heparins and many
other anticoagulants including vitamin K antagonists (VKA)
and direct oral anticoagulants may also cause aPTT
prolongation.

Differential diagnoses of a reduced FVIII:C activity include
congenital hemophilia A {with or without inhibitor), VWD,
and the acquired von Willebrand syndrome (AVWS). The
differentiation is usually straightforward by history taking
and laboratory diagnosis (= Table 3).'®!" Inhibitory alloanti-
bodies against FVIIL:C in patients with mild hemophilia A are
rare, but they can sometimes decrease the residual procoa-
gulant activity and may resemble AHA clinically.'>'? In cases
of doubt, particularly when the patient’s history and expo-
sure to FVIII products is unclear, molecular analysis may be
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Table 2 Causes of aPTT prolongation
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Cause

Note

Factor VIII deficiency

Congenital or acquired hemophilia A, some forms of von
Willebrand disease or acquired von Willebrand syndrome

Factor IX deficiency

Hemophilia B

Factor Xl deficiency

Less severe bleeding disorder

Factor XlI, prekallikrein, and HWMK deficiency

Do not cause bleeding

Other coagulation factor deficiencies
* Factor X
* Factor V
* Prothrombin

+ Fibrinogen (incl. dysfibrinogenemia)

Also cause prolongation of prothrombin time

Lupus anticoagulant

Increased risk of thromboembolism

Pharmacological anticoagulants

+ Unfractionated heparin

heparin and fondaparinux)

+ Indirect factor Xa inhibitors (low-molecular-weight

* Only with higher (therapeutic) doses

+ Direct factor Xa inhibitors (rivaroxaban and apixaban)

* Effect on prothrombin time often stronger than on aPTT

and lepirudin)

+ Direct thrombin inhibitors (dabigatran, argatroban,

* Effect on aPTT often stronger than on prothrombin time

Abbreviations: aPTT, activated partial thromboplastin time; HMWK, high-molecular-weight kininogen.

Table 3 Differential laboratory diagnosis of AHA

Differential diagnosis

Interference with AHA diagnosis

Appropriate action

Won Willebrand disease or acquired
von Willebrand syndrome

Patients may have low FVIII:C
(and thus prolonged aPTT)
due to VWF deficiency

VWF testing (VWF:Ag, VWF:Ac), FVIIl binding
capacity of VWF; multimer analysis.

Lupus anticoagulant

* Prolongs aPTT

* Acts as (fast reacting) inhibitor
in aPTT mixing study

* May sometimes inhibit FVIII:C
assays

* May cause false-positive
Bethesda assay

* Megative dRVVT-based assay may exclude LA,
but up to 20% of patients with FVIII inhibitors
are positive in dRVVT-based mixing and
confirmation tests

Use more than one dRVVT assay to test for LA
Clinical consideration

Vitamin K antagonists

Prolong aPTT

Mormal prothrombin time/INR excludes agent
aPTT mixing study, FVII:C, and Bethesda
assay unaffected

Unfractionated heparin

* Prolongs aPTT
* Acts as (fast reacting)
inhibitor in mixing test

Mormal thrombin time excludes heparin
FWIII:C and Bethesda assay affected only by
very high doses

Low-molecular-weight heparin and
heparinoids

Prolong aPTT with some reagents

Anti-Xa assay to confirm or exclude
anticoagulant drug action

Withdraw drug and repeat testing

FWII:C and Bethesda assay affected only with
very high doses

Direct Xa inhibitors (rivaroxaban
and apixaban)

Prolong aPTT and interfere with
FVIII:C assays with some reagents

Anti-Xa assay to confirm or exclude
anticoagulant drug action
Withdraw drug and repeat testing

Direct thrombin inhibitors (lepirudin,
argatroban, and dabigatran)

Prolong aPTT and interfere with
FWIII:C assay with some reagents

Thrombin time
Withdraw drug and repeat testing
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Abbreviations: aPTT, activated partial thromboplastin time; dRVVT, diluted Russel viper venom time; INR, international normalized ratio; LA, lupus
anticoagulant; VWF:Ag, von Willebrand factor antigen; VWF:Ac, von Willebrand factor activity (or ristocetin cofactor).
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helpful to differentiate between AHA and congenital hemo-
philia with inhibitors.

LA causes a thrombophilic state, but can artificially result
in low FVIII:C activity. This is true for one-stage clotting tests
but also chromogenic substrate assays. LA may interfere with
the Bethesda assay. It should be noted, however, that patients
with AHA can have concomitant LA."#"'® In bleeding patients,
AHA should be considered a likely diagnosis even if LA is
suggested by appropriate methods (see later). A summary of
the differential laboratory diagnosis between AHA and LA is
provided in =Table 3.

Activated Partial Thromboplastin Time
Mixing Test

A positive mixing test may help to differentiate between an
inhibitor and simple coagulation factor deficiency. Patient
plasma is mixed 1 + 1 with normal pooled plasma (NPP).
Failure of normal plasma to correct the aPTT by = 50% is
indicative of an inhibitor,’’~1® but there is no consensus
about this definition. Inhibitors detected by this assay may
include anti-FVIIl inhibitors, LA, and pharmacological
anticoagulants such as heparin.’

FVIIl inhibitors often require incubation at 37°C for 2 hours
to cause a prolongation of aPTT in the mixing test?” In
contrast, LA and anticoagulant agents result in a prompt
prolongation. An immediate prolongation, however, does not
rule out AHA, as high-titer FV11l inhibitors may act very fast, or
be at such high level as to neutralize FVIIl in a seemingly fast
fashion. In summary, the aPTT mixing study is of limited value,
as it cannot confirm or rule out the diagnosis of AHA.2'

Excluding Lupus Anticoagulant

LA may sometimes inhibit FVI11:C activity assays. Importantly,
LA can even cause false-positive results in the Bethesda assay.
Therefore, LA should be considered as a priority differential
diagnosis, particularly in patients who do not bleed. Different
behaviors of LA and FVIIl inhibitors in the aPTT mixing study
have been described,2® but these differences may not be
sufficient to rule out either condition.

LA can be excluded in most patients by diluted Russel viper
venom time (dRVVT)-based assays that use snake venom to
activate factor X and induce clotting in the presence of
phospholipids and calcium. As coagulation is activated down-
stream of FVIII, dRVTT-based assays are less sensitive to FVIIL
deficiency than aPTT-based assays and are used in integrated
systems comprising mixing tests (with normal plasma) and
confirmation tests (with higher phospholipid concentra-
tions).2? Despite the lower sensitivity to FVII inhibitors,
Tripodi et al found borderline or positive results in 22% of
their congenital hemophilia patients with inhibitors using a
commercial dRVVT reagent.?

In patients with LA not bleeding but showing borderline or
positive Bethesda assay, mixing tests and titrations based on
chromogenic substrate assays of FV1II:C may be useful. These
tests appear to be less sensitive to LA than the classical
Bethesda assay.?*

Seminars in Thrombosis & Hemostasis  Vol. 40 Mo, 7/2014
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In summary, LA and inhibitory autoantibodies against
FVIII:C may coexist in some patients or may interfere with
one another in laboratory tests. As a clear discrimination is
not always possible, clinical history and symptoms need to be
considered along with laboratory tests to diagnose difficult
cases.

Excluding Pharmacological Anticoagulants

Patients may develop AHA while on VKA, heparins or other
anticoagulants.”® The withdrawal of these drugs or using
antidotes should be considered in bleeding patients. If pro-
longation of the aPTT persists, determination of FVII:C
activity is required immediately. The interference of anti-
coagulants on assays used to diagnose AHA is detailed
in =Table 3.

Bethesda Assay

The Bethesda assay is used to demonstrate and quantify
inhibitory anti-FVIII antibodies based on their ability to block
FVILI:C activity. Non-neutralizing antibodies directed against
FVIII will not be detected by this test.

Assay Principle

Patient plasma serially diluted in buffer is mixed with an
equal amount of NPP (=Fig. 2A). For control, NPP is mixed

Patient
plasma

m m ete. Control

Buffer II Buffer

| FVII:C activity test

A [ Colculate residual octivity for each dilution

/-\ /\ etc. Control
Ll Ll
deficient deficient
asma M3
i le nfe waonfatars |
Buffored
NPP

HEE =

FVIIL:C activity test |

B Calculate residual activity for each dilution ]

Fig. 2 Schematic description of (A) classical Bethesda assay and (B)
Nijmegen modification of Bethesda assay. NPP, normal pooled plasma.
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inhibitor that inactivates 50% of FVIII:C activity. The nomogram should
be used for residual activities between 25 and 75%.

with buffer only. The mixture is incubated at 37°C for 2 hours,
and FVIIL:C activity is subsequently determined, usually by a
one-stage coagulation assay. The residual activity (RA) is
calculated for each dilution as:

RA = FVIIL:Cgiution/FVILCooneror * 100%

For dilutions with RA between 25 and 75%, the Bethesda
units per mL can be read from a nomogram (=Fig. 3) and
multiplied by the dilution factor to obtain the final inhibitor
concentration Ci,;,. Alternatively, it can be calculated as:

CinnlBU/mML] = (2 — log,, RA)/log,, 2 = dilution

The calculation is best performed in standard working
sheets (e.g., = Table 4). If more than one RA is between 25 and
75%, the dilution closest to 50% should be preferred to
determine Ci,y,.

Type 1 versus Type 2 Inhibitors
The mathematical model behind the Bethesda assay assumes
a log-linear relationship between dilution and RA. This is the

Diagnosis of Acquired Hemophilia A Tiede et al.

hallmark of type 1 inhibitors that occur in approximately 30%
of patients with congenital hemophilia A. Plotting RA (linear
axis) against dilution (log axis) will result in a more or less
straight line for RA between 25 to 75% ( = Fig. 4A). Neighboring
dilutions in this window will provide very similar i,
(=Table 4 and =Fig. 4B). At high inhibitor concentration
(low dilution), RA is very low (< 1%).

Type 2 inhibitors are typically seen in patients with
AHA and have different characteristics. The RA at the
lowest dilution is often greater than 1%, and the slope of
the curve may be smaller than expected for an inhibitor
that follows the earlier mentioned log-linear relationship
between RA and dilution (=Fig. 4€).2®%7 The determined
Cinn then increases with progressive dilution (=Table 4
and =Fig. 4D). The RA closest to 50% should be used to
determine C;,,;,, but if two or more RA are equally distant to
50%, the result will be unreliable { =Fig. 5). Therefore, the
Bethesda assay provides a rough estimate of the inhibitor
potency in AHA only.

The reason for the different behavior of inhibitors in AHA is
unknown. Differences in binding epitopes, immunoglobulin
(sub)class, or affinity properties, do not provide an explana-
tion for the striking difference in the Bethesda assay.?®"

Nijmegen Modification of the Bethesda Assay
Not surprisingly, data from external quality assessments
demonstrate high interlaboratory coefficients of variation
of approximately 50% for the classical Bethesda assay.>! The
Nijmegen modification improved sensitivity and specificity
by buffering the normal plasma and replacing the diluent
buffer by inhibitor-free FVIII-deficient plasma ( - Fig. 2B).>>33
However, interlaboratory variability of the Nijmegen-
modified Bethesda test is only slightly better than that of
the original assay.>*3°

The source of FVIll-deficient plasma may affect results in
the Nijmegen-modified Bethesda assay: immuno-depleted,
VWF-free plasma gave rise to decreased inhibitor titers,
whereas chemically depleted plasma appeared to give falsely

Table 4 Typical examples of type 1 and type 2 inhibitors in Bethesda assay

Patient sample dilutions Control

Dilution factor HE [ 4 IE [16 [32 Jea [128 J2s6 [s12

Type 1
FVII:C (1U/dL) =1 <1 =1 0.5 33 8.2 19.7 29.1 40.8 41.0 42.5
RA (%) 0 0 0 1.2 7.8 19.2 46.3 68.5 S96.0 96.5 -
Cion (BU/mL) - - - 513 |59.0 [762 [711 [699 15.1 26.5 -
Final result 71.1

Type 2
FVII:C (1U/dL) 4.1 6.2 7.2 10.4 12.4 16.6 19.7 259 33.1 42.4 49.2
RA (%) 8.4 12.6 14.7 211 253 33.7 40.0 52.6 67.4 86.3 -
Cinn (BU/mML) 3.6 6.0 11.1 18.0 31.7 50.2 84.6 118.6 145.7 108.8 -
Final result 118.6

Abbreviations: i, inhibitor concentration; RA, residual (FVIIl) activity.

Mote: Examples correspond to =Fig. 4A (type 1) and B (type 2).
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elevated titers in comparison with other types of FVIII-
deficient plasma.® These sources of variation may explain
some of the variability seen in external quality assessments.

Alternative Assays for Anti-FVIII Antibodies

A source of inaccuracy in the classical or Nijmegen-modified
Bethesda assay may be the residual FVIII:C activity and the
(probably high amounts of) FVIIl antigen in patients with
AHA. Activity and possibly some of the antigen can be
destroyed by thermal treatment, although denaturation
may not necessarily remove all binding sites of the autoanti-
body. In fact, treatment at 58°C for 90 minutes has been
shown to improve the sensitivity of inhibitor detection in
serial samples of patients with AHA, who were about to
achieve remission.>” Whether the sensitivity at first diagnosis
or the interlaboratory precision of the assay would also be
improved by this method remains unclear. The same study
also demonstrated that sensitivity of an anti-FVIIl enzyme-
linked immunosorbent assay (ELISA), particularly after ther-
mal treatment of the samples, was higher than that of the
Nijmegen-modified Bethesda assy.>”

Laboratory Results and Clinical Outcome

In congenital hemophilia, the residual FVII:C activity (RA) is
used to define severity of the disease because RA closely
correlates with the bleeding risk, particularly with the risk of
hemarthrosis.*® Moreover, the Bethesda assay has been tra-
ditionally used to guide treatment in hemophilia patients
with inhibitory alloantibodies against FVII:C: bleeds in
patients with inhibitors of up to 5 BU/mL can be successfully
treated with high-dose FVIII replacement therapy, whereas
inhibitors > 5 BU/mL require bypassing agents to control
acute bleeds.>®*? By contrast, in AHA, residual FVIII:C activity
and inhibitor concentration have not been shown so far to
correlate with the risk of bleeding or the response to hemo-
static treatment.”#!

Bleeding Risk

The lack of association between residual FVIII:C activity or
inhibitor concentration and the risk of bleeding may be due
in part to the design of studies that explored the course and
outcome of AHA. For example, laboratory data were col-
lected at time of initial diagnosis, and these may not
necessarily correlate with the risk of bleeding before
diagnosis or during the course of disease. However, the
limitations of both FVIII:C and inhibitor assessment may
also contribute to the lack of association between labora-
tory results and bleeding risk. Treatment recommenda-
tions regarding the choice of hemostatic agent have been
given based on clinical severity of bleeding rather than on
residual FVIII:C activity or inhibitor concentration.?! This
is justified as the efficacy of bypassing agents (recombi-
nant factor Vlla [NovoSeven; Novo Nordisk, Bagsvaerd,
Denmark] and activated prothrombin complex concen-
trate [FEIBA; Baxter, Vienna, Austria]) was significantly
higher (93%) than that of FVIII concentrates (68%)*' and the

[no notes on this page]
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Bethesda titer does not appear to predict response of FVIII
concentrates.

Success of Inmunosuppressive Treatment
Immunosuppressive treatment (IST) is used to suppress (and
eradicate) autoantibody formation and to induce remission in
AHA. The probability of achieving remission with IST ranges
between 60 and 80%, whereby, the time needed to achieve
remission varies between a few days and several months.*?~46
Some of the available registries and case series reported that
remission is obtained more likely and faster with combination
therapy of steroid and cyclophosphamide as compared with
steroid only,*2*> while others did not find this association.*
Rituximab is increasingly used in a wide variety of regimens,
which makes it difficult to assess its effects. >4

Laboratory results, particularly the baseline inhibitor titer
or residual FVIIL:C activity, are of potential value to guide IST
intensity. The largest registry of AHA reported so far, Euro-
pean Acquired Hemophilia Registry (EACH2), found that
patients with higher baseline FVIII:C and lower inhibitor
concentrations achieved remission faster, but this analysis
was not adjusted for treatment choice.**

The German, Austrian, and Swiss Society on Thrombosis
and Hemostasis performed a registry of patients treated
according to a uniform IST protocol. The registry included
102 patients over a period of 3 years. Interim results recently
reported indicate that baseline FVII:C activity is indeed a
predictor of the time needed to achieve remission, and also of
overall survival.*® Of note, the inhibitor titer (Bethesda assay),
which was assessed by the local studies sites according to
their routine procedures, did not have an impact on
prognosis.

Conclusion

The diagnosis of AHA is usually straightforward. However,
there are some pitfalls associated with the assays employed,
in particular with the Bethesda assay. Possible interference
with lupus anticoagulant or pharmacological anticoagulants
needs to be considered. Moreover, the high interlaboratory
variation that is not substantially improved by the Nijmegen
modification is a concern with this assay. Most importantly,
because of the nature of type 2 inhibitors in AHA, the
Bethesda method is of limited use to assess inhibitor potency.
Several methods, including thermal denaturation of samples
and ELISA-based inhibitor assessment, have been suggested
and await further validation for their diagnostic application
in AHA.
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