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Summary
The paper presents the major aspects of laboratory diagnosis of acquired hemophilia A (AHA). 
The author discusses the difficulties encountered in the process of detecting this coagulopathy. 
The principles of laboratory diagnosis are described and interpretation of the laboratory outco-
me is presented. The current algorithm of the AHA diagnostic procedure is also suggested. 
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Introduction

Hemophilia A (HA) is either a congenital or 
acquired bleeding disorder which manifests as 
bleeding/hemorrhage. The excessive bleeding 
tendency in HA is the result of the deficiency or 
complete absence of factor VIII in plasma. Un-
like the well-known, genetically determined HA, 
acquired hemophilia A (AHA) is an autoimmune 
disease caused by auto-antibodies that neutral-
ize coagulant activity of FVIII. Unlike congenital 
hemophilia A that affects men (mutation in the F8 
gene on the X chromosome), AHA is a bleeding 
disorder which manifests in both men and women.

AHA is caused by anti-FVIII neutralizing anti-
bodies (called “inhibitor”) which impair coagulant 
activity of FVIII. The autoantibodies produced 
in AHA are mostly IgG class and bind to FVIII 
epitopes located on its C2 and A2 domains. The 
mechanism of their anticoagulant action relies on 
impairment of FVIII interaction with phospholipids 
(anti-C2 antibodies), disturbances in the formation 
of the intrinsic tenaze complex (anti-A2 antibod-
ies) and most likely also on blocking the binding 
of FVIII to von Willebrand factor. The kinetics of 
FVIII interaction with autoantibodies in AHA is 

different from the kinetics of FVIII interaction 
with alloantibodies in congenital hemophilia A with 
inhibitors. While in congenital hemophilia A, allo-
antibodies completely abolish the FVIII activity in 
plasma, in acquired hemophilia A, even with a very 
high titer of autoantibodies, some residual plasma 
FVIII activity is detected [1]. 

The main problem related to AHA manage-
ment is the delay in diagnosis of the disorder and 
prompt implementation of therapy. The delay may 
be caused i.a. by insufficient knowledge of the 
medical staff (laboratory personnel included) re-
garding the principles of AHA diagnosis. Patients 
usually report in emergency to centers/doctors 
who are no specialists in recognition of coagulation 
disorders. According to the European Acquired 
Hemophilia Registry (EACH2) a ≥ 1 week delay in 
AHA diagnosis affects 34% of patients [2].

Moreover, AHA is a rare disease, with the 
annual incidence rate estimated at approximately 
1.48/1 million, although current data indicates 
that it may be close to 5–6 per million [3]. The 
incidence of AHA increases with age, amounting to 
approximately 0.045/million among children under 
16 and 14.7/million in people over 85 years of age 
[4]. The median age at the time of diagnosis of AHA 
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is therefore almost 74 years and the diagnostic 
procedure is often complicated by the age-related 
higher incidence rate of coexisting morbidities and 
medication therapies. The incidence of AHA is 
markedly higher in two population groups: 1) young 
women in the age range of 20– 40 years (this is 
closely related to pregnancy, especially to the first 
12 months after delivery) and 2) older age groups 
where AHA is slightly more often detected in men. 
Approximately half of patients with detectable au-
toantibodies against FVIII do not have underlying 
disorders (idiopathic AHA). In approximately 40% 
of cases, AHA is associated with autoimmune dis-
ease, solid malignant tumors, hematologic tumors, 
allergic diseases or with a drug exposure. 

In most cases, AHA manifests as a sudden 
severe bleeding (in persons who reported no 
bleeding symptoms previously) which can lead 
to death within several weeks [3]. Typical for 
acquired hemophilia A are large subcutaneous 
hematomas, mucosal bleeding (from the gastroin-
testinal and genitourinary tract), as well as bleed-
ing from the wounds after surgical procedures and 
after tooth extraction. Intracranial bleeding may 
occur but spontaneous bleeding into the joints is 
very rare in AHA. 

As mentioned above, most patients report with 
severe bleeding and require immediate hemostatic 
treatment. The best way to stop bleeding in AHA 
is to administer the so-called by-passing agents 
(BPA), i.e. recombinant activated factor VII (rFVI-
Ia) or activated prothrombin complex concentrate 
(aPCC) or recombinant porcine FVIII concentrate. 
Prompt and correct diagnosis of the bleeding dis-
order is therefore of utmost importance. 

There is an additional challenge to laboratory 
diagnosticians as regards AHA diagnosis. Most 
elderly people are burdened with a wide spectrum 
of comorbidities and are exposed to medication 
(e.g. anticoagulants) which affects their coagula-
tion system and may significantly interfere with 
the laboratory picture of AHA. Such cases require 
an individual diagnostic approach and appropriate 
testing. 

Principles of laboratory diagnosis of AHA

The diagnostic tests for AHA are performed 
on samples of peripheral venous blood (10–15 ml;  
collected in tubes with Sodium Citrate, Na3C6H507  
x 2H20; in a 9:1 ratio) used for routine coagulation 
tests. Measurements of clotting time, coagulation 
activity and inhibitor titer are performed in citrated 
platelet-poor plasma, obtained after centrifugation 

of citrated blood samples at room temperature for 
10–15 min/1500 g [5, 6]. Importantly, tests should 
be carried out in blood samples taken before initia-
tion of hemostatic treatment with BPA. Following 
administration of hemostatic agent, some patients 
with AHA shorten or even normalize APTT, which 
falsifies the results of subsequent laboratory tests 
and may lead to erroneous exclusion of AHA as  the 
cause of hemorrhage. If a set of AHA confirmation 
tests cannot be performed at a local laboratory, 
platelet-poor plasma samples can be frozen to ≤ 
–20˚C for use in further diagnostics. According to 
the principles of good practice, coagulation tests 
should be performed on the samples of the same 
batch of material for unequivocal interpretation of 
results. 

The laboratory diagnosis of AHA is mainly 
confirmed by the presence of the following in pa-
tient’s plasma: isolated prolongation of activated 
partial thromboplastin time (APTT), circulating 
anticoagulant in the APTT mixing test (correc-
tion test), decreased FVIII activity, presence of 
FVIII inhibitor and exclusion of other related 
bleeding disorders, lupus anticoagulant (LA) or 
drug-induced inhibitors. The algorithm of AHA 
diagnosis is presented in Figure 1.

Hemostasis screening tests are routinely 
ordered and provide clinicians with important 
diagnostic and therapeutic guidance. In the di-
agnosis of AHA, the measurement of Activated 
Partial Thromboplastin Time (APTT) is of par-
ticular importance, as its prolongation is the first 
laboratory clue to AHA diagnosis. Platelet poor 
plasma is incubated for 3–5 minutes at 37°C with 
phospholipids, contact activator, followed by cal-
cium chloride addition. That initiates the intrinsic 
coagulation pathway and APTT is the time taken 
for a fibrin clot to form (normally about 27–35 
seconds [5]. Sensitivity and specificity of the test 
are determined by the composition of the APTT 
reagent (type of activator and phospholipid mix-
ture) as well as coagulation analyzer [6]. APTT is 
prolonged in factor XII, XI, IX VIII deficiency and 
to a lesser degree, in the deficiency of factors II, 
V, X and fibrinogen. In a person with AHA, labora-
tory tests typically show a 2–3-fold prolongation 
of activated partial thromboplastin time (APTT) 
at normal prothrombin time (PT), thrombin time 
(TT), closure time (CT) in PFA-100/-200® (platelet 
function analyzer), normal platelet count and the 
plasma fibrinogen level within the normal range [7]. 
Isolated prolongation of activated partial thrombo-
plastin time (APTT) is determined in the presence 
of FVIII inhibitor (AHA, congenital HA) but also in 
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Figure 1. The diagnostic procedure algorithm for the diagnosis of AHA (modified from [8]). APTT — activated partial 
thromboplastin time; FVIII: C (factor VIII: C) — factor VIII/one-stage coagulation test; FVIII: Chr (factor VIII: Chr) — 
factor VIII/chromogenic test; AHA (acquired hemohilia A) — acquired hemophilia A, FIX (factor IX) — factor IX, FXI 
(factor XI) — factor XI, FXII Factor XII — factor XII, VWF — von Willebrand factor, LA (lupus anticoagulant) — lupus 
anticoagulant

deficiencies of FVIII (VWD, congenital HA), FIX 
(hemophilia B), FXI (hemophilia C), FXII (Hage-
man anomaly), high molecular weight kininogen 
(HMWK) or prekalikrein (PK) or in the pres-
ence of lupus anticoagulant (LA), anticoagulants 
(heparins, vitamin K antagonists (VKA), direct 
oral anticoagulants (Direct Oral Anticoagulants, 
DOAC), or inhibitor against another clotting fac-
tor. If prolonged aPTT is caused by the presence 
of unfractionated heparin in the blood sample, the 
thrombin time (TT) is significantly prolonged. 
Of particular importance for differentiation of 
AHA from the above-mentioned disorders is the 
presence of LA, which is not directed against the 
clotting factor but against phospholipids and does 
not trigger bleeding but predisposes to thrombosis. 
This requires careful analysis of the clinical picture 
of the patient, his medical history and laboratory 
outcome [6]. 

Extremely useful for distinguishing between 
a clotting factor deficiency as the cause of a pro-

longed APTT and the circulating anticoagulant 
(inhibitor) is the qualitative APTT mixing test 
(APTT correction test). A repeat APTT test is 
performed in a mixture of equal volume (1:1) 
patient plasma and normal plasma incubated for 
1 h/37°C [5, 6]. The results of the correction test 
are properly interpreted only if patient’s baseline 
APTT is prolonged by at least 8–10 seconds above 
the upper limit of the reference range. The labo-
ratory may have its own cut-off values depending 
on the measurement system [6]. According to 
definition, proper APTT correction occurs when 
the difference between APTT in tested plasma and 
mixture exceeds 50% of the difference between 
APTT of tested plasma and control. Normalization 
or significant shortening of APTT in mixing studies 
as compared to the patient’s baseline APTT is in-
dicative of clotting factor deficiency. If the mixture 
fails to correct the APTT this is suggestive of the 
presence of circulating coagulation factor inhibitor 
[6]. Positive result is obtained in the case of FVIII 
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inhibitor (AHA) or LA as well as inhibitor against 
clotting factors other than FVIII. The APTT cor-
rection test can be performed in any laboratory that 
determines APTT, however, the availability of this 
test in multi-profile laboratories is still limited.

FVIII deficiency caused by anti-FVIII antibod-
ies is diagnosed by determining FVIII activity in 
plasma. Routinely, the assay is performed with 
one-stage coagulation method (FVIII:C), less 
often — with the chromogenic test (FVIII:Chr). 
The FVIII:C assay is based on APTT measure-
ment; diluted test plasma is mixed with FVIII de-
ficient plasma, APTT reagent and calcium chloride. 
The clotting time of the mixture correlates with 
the FVIII activity in the tested system [6]. The 
FVIII:Chr assay consists of two stages, one is the 
production of FXa, the second is the hydrolysis of 
a specific chromogenic substrate. The intensity of 
the color correlates with the amount of FXa in the 
test plasma, which in turn is directly proportional 
to FVIII activity [5]. FVIII activity in healthy indi-
viduals is comprised in the range of 50–150 IU/dL  
(50–150% of the normal), while in AHA it is in the 
range of 0–20 IU/dL and in nearly 75% FVIII activ-
ity < 5 IU/dL [5, 8]. Unlike in congenital HA, the 
severity of bleeding symptoms does not depend on 
the level of FVIII in plasma. In laboratory practice, 
when AHA is suspected and FVIII:C activity re-
duced in a routine test, it is crucial to repeat the 
test in the patient’s diluted plasma (e.g. 10×) to 
exclude interference of LA or other anticoagulants. 
For the one-stage coagulation method of FVIII:C 
determination, good practice recommends the 
use of APTT reagents with higher phospholipid 
content, thus insensitive to LA.

The primary goal in laboratory diagnostics of 
AHA is confirmation of the presence of FVIII in-
hibitor and measurement of its titer in the Bethesda 
Assay, fundamental for detection of neutralizing 
antibodies [9]. The subcommittee on Factor VIII, 
Factor IX of Scientific and Standardization Commit-
tee of the International Society on Thrombosis and 
Hemostasis (ISTH) has declared the Modified Ni-
jmegen-Bethesda Assay (NBA) the “gold standard” 
for detecting antibodies against Factor VIII [9].  
Currently, the NBA modification makes use of 
FVIII-deficient plasma (instead of veronal or im-
idazole buffer) to prepare serial dilutions of the 
patient’s plasma or control plasma and to buffer 
standard human plasma with normal FVIII (SHP, 
Standard Human Plasma) [5]. This significantly 
contributes to better stability of protein concentra-
tion and pH in the mixtures during incubation and 
so the sensitivity and accuracy of the test is higher 

[10]. The test also provided favorable conditions 
for FVIII neutralization through 2h incubation of 
the mixtures at 37°C. Following incubation, FVIII 
activity was determined in all tested samples and 
then compared with that in control mixtures to 
determine FVIII residual activity (RA) [9–12]. 
One Bethesda unit (BU) is defined as the amount 
of inhibitor that will neutralize 50% of FVIII:C in 
normal plasma [5, 11]. It is recommended to de-
termine the inhibitor titer in samples with RA of 
25% to 75% and in dilution where RA approximates 
50% [9]. The inhibitor titer of ≥ 0.5 BU/ml is con-
sidered positive result, though some laboratories 
raised the threshold for positivity to ≥ 0.6 BU/ml 
[10]. The Bethesda test was developed to detect 
and quantify all FVIII antibodies in HA that exhibit 
linear type 1 kinetics. It is also useful for detecting 
FVIII inhibitors in AHA, but these often exhibit 
complex and non-linear type 2 kinetics and thus 
the concentration of these autoantibodies is more 
difficult to estimate. Initial thermal inactivation 
of the tested plasma (56°C/30 min), performed to 
eliminate too high residual FVIII activity, may im-
prove the accuracy of the test [9]. The procedure 
is complex and so Bethesda assays are performed 
only in special reference laboratories of hemophilia 
treatment centers. 

Commercial anti-FVIII ELISA tests were 
shown to be sensitive and specific for diagnosing 
AHA [8]. It worth noting however, that they may 
detect both FVIII neutralizing and non-neutralizing 
antibodies, depending on which kit is used. ELISA 
tests are particularly helpful for distinguishing 
anti-FVIII antibodies from LA. Moreover, deter-
mining isotypes of anti-FVIII antibodies may have 
prognostic value, as demonstrated in the case of 
anti-FVIII IgA [8].

A specific challenge to laboratory diagnosis 
of AHA is distinguishing of the type of “circulat-
ing anticoagulant” (FVIII inhibitor) detected in 
the APTT correction test from LA. This mostly 
refers to situations when the clinical symptoms of 
AHA are not obvious. The presence of LA can be 
excluded in the dilute Russell Viper Venom Time 
assay (dRVVT) [8]. Sporadically AHA coexists with 
LA, which significantly complicates the diagnosis 
due to false positive results of coagulation tests 
[13, 14]. The above may also apply to AHA patients 
treated with vitamin K antagonists (VKA), heparin 
or other anticoagulants. A chromogenic test is then 
used to determine FVIII activity and FVIII inhibi-
tor titer. Unlike the routine coagulation tests, the 
chromogenic test is insensitive to the presence of 
LA or pharmacological anticoagulants [13, 14]. If 
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the dRVVT test is not available, a simple APTT 
test with reagents of higher phospholipid content 
and insensitive to LA can be used to distinguish 
LA from FVIII inhibitor [6, 8].

The diagnostic process of AHA combines the 
analysis of the clinical presentation and patient’s his-
tory with the results of specialistic laboratory tests. 
Information on the medication that may affect the pa-
tient’s coagulation system is also important. According 
to numerous experts, optimization of the diagnostic 
procedure involves close cooperation between the 
medical team and laboratory staff for efficient com-
munication between both these professional groups. 
Such cooperation may optimize the diagnostic process 
and minimize the risk of delay in AHA diagnosis.

Conflict of interest: none declared

References 

1. Buczma A, Windyga J. Nabyta hemofilia. Pol. Arch. Med. Wew. 
2007, 5-6: 241–245, indexed in Pubmed: 18030874.

2. Knoebl P, Marco P, Baudo F, et al. EACH2 Registry Contributors. 
Demographic and clinical data in acquired hemophilia A: results 
from the European Acquired Haemophilia Registry (EACH2). 
J Thromb Haemost. 2012; 10(4): 622–631, doi: 10.1111/j.1538-
-7836.2012.04654.x, indexed in Pubmed: 22321904.

3. Tiede A, Wahler S. The rising incidence of acquired haemop-
hilia A in Germany. Haemophilia. 2021; 27(4): e466–e468, doi: 
10.1111/hae.14149, indexed in Pubmed: 32937680.

4. Windyga J, Baran B, Odnoczko E, et al. Wytyczne postępowania 
w nabytej hemofilii A. Gin Perinat Prak. 2018; 3(4): 175–188.

5. Practical-Haemostasis: A practical guide to haemostasis; https://
www. practical-haemostasis com.

6. Odnoczko E, Baran B, Windyga J. Z hemostazą na TY. Wyd. 
Bioksel Grudziądz; 2016: 1–192.

7. Windyga J, Baran B, Odnoczko E, et al. Treatment guidelines for 
acquired hemophilia A. Ginekol Pol. 2019; 90(6): 353–364, doi: 
10.5603/GP.2019.0063, indexed in Pubmed: 31276188.

8. Tiede A, Collins P, Knoebl P, et al. International recommenda-
tions on the diagnosis and treatment of acquired hemophilia A. 
Haematologica. 2020; 105(7): 1791–1801, doi: 10.3324/haema-
tol.2019.230771, indexed in Pubmed: 32381574.

9. Tiede A, Alberio L. The Art of Detecting Antibodies against Fac-
tor VIII. Hamostaseologie. 2020; 40(4): 485–490, doi: 10.1055/a-
1223-3353, indexed in Pubmed: 32961576.

10. Miller CH. Laboratory testing for factor VIII and IX inhibitors in 
haemophilia: A review. Haemophilia. 2018; 24(2): 186–197, doi: 
10.1111/hae.13424, indexed in Pubmed: 29446525.

11. Windyga J, Chojnowski K, Klukowska A, et al. w imieniu Grupy 
Roboczej ds. Hemostazy Polskiego Towarzystwa Hematologów 
i Transfuzjologów. Polskie zalecenia postępowania w nabytej 
hemofilii A. Med Prakt. 2011; 10: 1–8.

12. Windyga J. Diagnostyka laboratoryjna zaburzeń hemostazy.  
W: Badania laboratoryjne w hematologii. Podręcznik dla słucha-
czy studiów medycznych (red. Mariańska B, Fabijańska-Mitek J). 
Wyd. Lek. PZWL, Warszawa 2003: 192–225.

13. Tiede A, Werwitzke S, Scharf RE. Laboratory diagnosis of acqui-
red hemophilia A: limitations, consequences, and challenges. 
Semin Thromb Hemost. 2014; 40(7): 803–811, doi: 10.1055/s-
0034-1390004, indexed in Pubmed: 25299927.

14. Bolton-Maggs PHB, Favaloro EJ, Hillarp A, et al. Difficulties 
and pitfalls in the laboratory diagnosis of bleeding disorders. 
Haemophilia. 2012; 18 Suppl 4: 66–72, doi: 10.1111/j.1365-
-2516.2012.02830.x, indexed in Pubmed: 22726086.

https://www.ncbi.nlm.nih.gov/pubmed/18030874
http://dx.doi.org/10.1111/j.1538-7836.2012.04654.x
http://dx.doi.org/10.1111/j.1538-7836.2012.04654.x
https://www.ncbi.nlm.nih.gov/pubmed/22321904
http://dx.doi.org/10.1111/hae.14149
https://www.ncbi.nlm.nih.gov/pubmed/32937680
http://dx.doi.org/10.5603/GP.2019.0063
https://www.ncbi.nlm.nih.gov/pubmed/31276188
http://dx.doi.org/10.3324/haematol.2019.230771
http://dx.doi.org/10.3324/haematol.2019.230771
https://www.ncbi.nlm.nih.gov/pubmed/32381574
http://dx.doi.org/10.1055/a-1223-3353
http://dx.doi.org/10.1055/a-1223-3353
https://www.ncbi.nlm.nih.gov/pubmed/32961576
http://dx.doi.org/10.1111/hae.13424
https://www.ncbi.nlm.nih.gov/pubmed/29446525
http://dx.doi.org/10.1055/s-0034-1390004
http://dx.doi.org/10.1055/s-0034-1390004
https://www.ncbi.nlm.nih.gov/pubmed/25299927
http://dx.doi.org/10.1111/j.1365-2516.2012.02830.x
http://dx.doi.org/10.1111/j.1365-2516.2012.02830.x
https://www.ncbi.nlm.nih.gov/pubmed/22726086

