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Abstract

Introduction: Lupus anticoagulant (LAC) belongs to a heterogeneous group of antibodies directed against neg-
atively charged phospholipid-binding proteins, inhibiting phospholipid-dependent reactions. We assessed the fre-
quency, etiological background, clinical and biological expression as well as the appropriate management and

outcome of LAC in a pediatric population. Patients and methods: We included 19 pediatric patients diagnosed with
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a positive LAC test during a period of 1 year. LAC detection was carried out according to the ISTH/SCC guidelines
2012. Coagulometric assays were performed in order to check for coagulation factor activities. The presence of
specific inhibitors has been tested by the Bethesda assay. Results: LAC was positive in 0.4% of the patients mon-
itored for increased activated partial thromboplastin time (aPTT) during the study period of 1 year. In contrast to
the asymptomatic clinical image presented by the majority of our patients, the biological picture was dominated by
an elevated aPTT (79 %), the aPTT ratio correlating significantly with the strength of LAC. In 58 % of the patients
LAC became negative within 12 weeks, in another 4 (21%,) patients within 20 weeks, whereas in 4 (21%,) patients
LAC remained positive throughout the follow-up. Conclusion: Albeit usually innocent in asymptomatic patients,
LAC needs to be seriously taken into consideration from the diagnostic point of view in order to avoid dangerous

therapeutic attitudes..
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Introduction

Lupus anticoagulant (LAC) is considered a
well-established, very sensitive risk factor and
main predictor for thrombotic events in adults. It
belongs to the heterogeneous group of antiphos-
pholipid antibodies, directed against negatively
charged phospholipid-binding proteins, thereby
inhibiting phospholipid-dependent reactions (1).
Its identification relies on a combination of two
phospholipid (PL)-dependent functional clotting
assays, as no single test has sufficient sensitivi-
ty and specificity for the diagnosis (2). Even in
this case, these assays are not robust enough,
lacking accuracy as do one stage coagulometric
assays, thus requiring sometimes access to ra-
dioimmunoassay, ELISA or solid phase antigen
tests. LAC is a true double misnomer, not being
a specific marker for systemic lupus erythema-
tosus (SLE) and in fact not being a real promot-
er of anticoagulation. On the other hand, LAC
may be at the same time a biological marker for
the antiphospholipid syndrome (APS), even in
a catastrophic form, as it can also be a simple,
innocent bystander, a laboratory phenomenon
without any clinical consequences.

In children LAC is often found incidentally, fre-
quently assessed in the frame of investigations
for a prolonged activated partial thromboplastin
time (aPTT) prior to surgery or during/after viral
infections, usually disappearing within 12 weeks
(3.,4). It is an exceptionally rare cause of bleeding
disorders as it would be in the case of the lupus
anticoagulant hypoprothrombinemia sydrome
(LAHS) which is sometimes associated with
thrombocytopenia and is also seldom the iso-
lated substrate for thrombotic events (1,4,5). In-
hibiting phospholipid-dependent reactions, LAC
can have confounding effects in the diagnostic
field of hemostasis by mimicking haemophil-
ia and leading to the misdiagnosis of acquired
haemophilia, thus impacting the therapeutic de-
cision, engaging high costs for exploration and
sometimes even unnecessary treatments associ-
ated with important side effects. Our objectives
were to conduct an observational, populational
and non-interventional single center study, aim-
ing to assess the frequency, the etiological back-
ground, the clinical and biological expression as
well as the outcome of LAC in a pediatric popu-
lation and to evaluate the most appropriate atti-
tude in front of it.
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Material and methods

Out of 4,607 patients consecutively explored
with basic hemostasis tests form a total of 17,800
patients consecutively admitted during a peri-
od of 1 year, we retrospectively enrolled in our
study 19 patients with a positive LAC test. The
LAC test was performed for: a) unexplained,
repeatedly elevated aPTT and aPTT ratio in as-
ymptomatic patients with normal prothrombin
time (PT), thrombin time (TT), fibrinogen and
prothrombin consumption test (PCT), lacking
correction by the mixing test with normal pooled
plasma; b) autoimmune diseases and c¢) throm-
boembolic disorders.

For the aPTT screening we used the APTT-SP
(liquid) kit. A contact activator is used to stimu-
late the production of factor Xlla by providing a
surface for the function of high molecular weight
kininogen, kallikrein and factor XIIa. This con-
tact activation is allowed to proceed at 37° C for
a specific period of time. Calcium is then added
to trigger further reactions and the time required
for clot formation is measured. Phospholipids
are required to form complexes which activate
factor X and prothrombin. The kit contains syn-
thetic phospholipids and silica to ensure a high-
ly reproducible and stable product. Reference
range for aPTT was (23-36 seconds). The aPTT
ratio (patient aPTT/mean normal aPTT) was cal-
culated considering the dependence on the used
reagent and accepting as normal values 0.82 —
1.2. The mixing study was performed measuring
aPTT in 1:1 mixture of patient plasma and nor-
mal pooled plasma. Testing for LAC was done if
the addition of normal pooled plasma to the pa-
tient's plasma did not correct the aPTT; although
this was not an inclusion criterion, most patients
had a second LAC test within 4 or 8 weeks but all
patients were checked at 12 and and also beyond
12 weeks after the initial test for the patients who
continued to present positive LAC. For LAC
detection, the screening and confirmatory tests

(Hemosil LAC Confirm, Bedford, USA) based
on dilute Russel's viper venom time (dRVVT)
were used. The dRVVT Screen assay is poor in
phospholipid, making it sensitive to LAC. The
additional amount of phospholipid (bi-layers) in
the dRVVT Confirm assay neutralizes LAC to
give shorter dotting times. Russell’s Viper Ven-
om, in the presence of calcium, directly activates
factor X (in the test sample). The dRVVT screen
and dRVVT Confirm assays are therefore unaf-
fected by contact factor abnormalities, coagula-
tion factor VII (FVII), VIII (FVIII) and IX (FIX)
deficiencies or inhibitors. Heparin interference
up to 1 U/ml is neutralized by polybrene.

All tests were carried out according to the man-
ufacturer’s instructions and to the ISTH/SCC
guidelines 2012 with a three-step method in-
cluding a mixing test (2). They were performed
on the ACL TOP automated coagulation analyser
(Instrumentation Laboratory, Bedford, USA).
LAC was considered positive if > 1.2. The di-
agnostic work-up included in most cases an ex-
tensive hemostasis exploration: PT (reference
range 9-14 seconds), international normalized
ratio (INR) with the reference range between
0.8 — 1.2, TT (reference range 12-20 seconds),
fibrinogen levels (reference range 200-400 mg/
dL), PCT (reference range > 40). At the same
time, only in primary LAC patients (74%) coag-
ulometric assays were carried out for the level of
FVIII, FIX and FXI activity measurement (table
1). FVIIL, FIX and FXI activity was determined
by performing a modified activated partial trom-
boplastin time test (APTT-SP). Patient plasma is
diluted and added to plasma deficient in factor
VII/IX/XI. Correction of the clotting time of the
deficient plasma is proportional to the concen-
tration (% activity) of the factor in the patient
plasma, interpolated from a calibration curve.
For patients with low levels of coagulation fac-
tors, the presence of specific inhibitors has been
tested by means of the Bethesda assay and in the
case of a positive result a confirmation testing by
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ELISA (ZYMUTEST™, Hyphen BioMed) has
been done. In patients with increased aPTT ra-
tio and low coagulation factors activity we per-
formed also thrombelastography (TEG).

For the statistical analysis of the parametric cor-
relations, the IBM® SPSS® Statistics software
version 25 was used. The cut-off level for sig-
nificance was p < 0.05. Patient’s or caregiver’s
consents were obtained. All procedures were
performed in accordance with the standards of
the institutional ethics committee which ap-
proved the study.

Results

Mean age at diagnosis was 6.15 £ 5.09 years,
with a median of 4.20 years (range between 1.5
— 18 years) and a male/female ratio of 7/12. All
patients had newly detected LAC (patients with
known and confirmed positive LAC were ex-
cluded from the analysis) out of 4607 patients
consecutively explored with basic hemostasis
tests from a total of 17,800 patients admitted in
our hospital during a period of 1 year. The posi-
tivity of the LAC test was ascertained in 0.4% of
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our paediatric cohort of children found to have a
prolonged aPTT, coresponding to a frequency of
10.7/10,000 hospitalized persons and year. Our
cohort had in 12 cases elevated aPTT incidental-
ly found during pre-operative work up whereas
in 3 cases immune vascular or thrombocytopenic
purpura (1 immune thrombocytopenic purpura —
ITP, in which the acquired LAHS and APS were
excluded, 1 Hennoch-Schonlein purpura - HSP
and 1 Seidelmeyer purpura - SP), in 2 cases sys-
temic lupus erythematosus (SLE) and in 2 other
cases an unprovoked thrombotic event (APS).
Nine (75%) of the 12 patients with incidentally
found LAC could recall having a upper respira-
tory tract infection in the weeks prior to the test.
Based upon its strength, LAC was weakly pres-
ent (1.2 — 1.5) in 10 patients, moderately (1.5
—2.0) in 4 and strongly present (> 2.0) in 5 pa-
tients (figure 1). In 2 patients LAC was consid-
ered secondary to SLE, in other 3 to immune or
vascular purpura whereas the rest of 14 cases
were considered as having primary LAC.

At the time of the first detection LAC was as-
ymptomatic in the majority (63%) of our pa-
tients. Only 3 patients (15.8%) presented mild

»>12  between
12-20
weeks
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Fig. 1. Distribution of LAC according to its strenght and time to resolution
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cutaneous bleeding, petechiae and/or equimoses,
attributable to their causative pathologic back-
ground (ITP, HSP, SP). Two patients had throm-
bosis and other 2 patients SLE (table 1).

The biological picture was dominated by an ele-
vated aPTT, present in 15 cases (79 %), only the
two patients with SLE and the two patients with
APS having normal aPTT. All of the patients
with elevated aPTT presented with an aPTT ratio
of > 1.3, the mean aPTT ratio being 2.34+1,13.
The aPTT ratio correlated significantly with the
value of LAC, with a Pearson’s r = 0.817 (p =
0.000) as presented in figure 2.

Concerning the clinical and biological parame-
ters of the entire study cohort, they are depicted
in tabel 1.

Other coagulation tests including PT, INR, TT
and PCT were within the normal range in all sub-
jects (table 1). The coagulation activity of F VIII,
IX and X1 was assessed in 15 (79%) of them. Six
patients (32%) presented the factor levels were
lower than 40%; in one case isolated low FIX,
in 2 cases low FVIII and FIX, whereas in other
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4 cases an association of low FVIII, FIX and
FXI levels were found. Nevertheless, from all of
these cases which presented reduced FVIIIL, IX or
XI activity, the Bethesda assay was positive for
FVIII, FIX and FXI only in 1 patient, showing
increasing dinamics and reaching titres of 28.85
Bethesda units (BU)/ml anti-FVIII, 36.9 BU/ml
anti-FIX and 5 BU/ml anti-FXI. In this case, the
lack of bleeding symptoms, the normality of the
PCT and of TEG doubted the authenticity of the
diagnosis of acquired haemophilia (AH), justi-
fying our watch and wait attitude and the need
for antigenic testing by means of immunologic
assays (ELISA testing) which did not confirm
the presence of specific inhibitor antibodies and
excluded the presumed complex AH A, B and C.
In 8 out of 19 patients in which the aPTT ratio
was higher than 2, we also performed TEG. The
assays were normal in all cases with the excep-
tion of 1 patient (patient no. 1) in which a mild
hypercoagulability process was observed, albeit
D-dimers were not elevated (figure 3 - TEG pa-
rameters: R =2.5, Ly 30 =2.3%, CI =4).
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Fig.2. Correlation between aPTT ratio and strength of LAC
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Fig. 3. Thrombelastography showing mild enzymatic hypercoagulability in patient 1

The time course of LAC for the whole cohort
is illustrated in figure 1. LAC was transient in
15 patients (79 %), becoming negative within 12
weeks in 11 patients (58%) or at the latest within
20 weeks after the initial detection for another
4 patients. Four patients (21%), presenting with
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APS and SLE, remained positive throughout
their follow-up period (at 6, 8, 9 and 10 months
check-ups respectively) and thus were consid-
ered LAC carriers. The time course of LAC posi-
tivity did not correlate with its strength, as shown
in figure 4 (Pearson’s r = -0.272; p=0.260).

o S R=-013
p=0.582

00 10,00
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Duration of LAC
Fig. 4. Scatterplot for correlation assessment between strength and time course of LAC positivity
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Discussions

LAC, even though rare in children, is neverthe-
less not an exceptionally occuring disorder (4,6).
As reported in the literature, from the point of
view of their pathogenic background, LAC in
our patients can be considered secondary to im-
munological disorders (SLE, HSP, SP, ITP) in 5
cases and idiopathic or primary in the other 14
subjects.

With respect to their pathological significance,
the majority of our patients presented without
symptoms suggestive for a hemorrhagic diathe-
sis or thrombosis; only two patients (10%) de-
veloped unprovoked thrombotic events, witness-
ing APS, other three patients presenting minor
bleedings, attributable to their underlying dis-
eases (HSP, ITP, SP).

It is generally accepted that the interpretation of
an isolated LAC in comparison with its associ-
ated form with other antiphospholipid antibod-
ies (aPLs) is a field of many pitfalls. The reason
is related to the laboratory assessments. Whilst
anticardiolipin (aCL) and anti-B, glycoprotein I
antibodies (aB,GPI) are detected by solid phase
assays and can be calibrated in order to generate
quantitative precise results, LAC are detected by
fluid coagulation assays with multifactorial de-
pendence (7-10). Therefore, an isolated form is
most often an in vitro phenomenon occuring due
to auto-antibodies targeting negatively charged
phospholipid-binding proteins, thereby inhib-
iting phospholipid-dependent coagulation tests
such as aPTT. In 63% of our cases, LAC was
from clinical point of view an innocent finding,
but it acted in the exploratory field as a serious
“troublemaker”, generating challenging situa-
tions. The outcome towards resolution of LAC
within 12 weeks in the majority of our patients
(58%) as well as the absence of thrombotic or
hemorrhagic manifestations during the whole
observation period, justified the presumtion that
inspite its autoantibody character, LAC was bi-

ologically a true confounding factor, impacting
only hemostatic explorations, without real clini-
cal relevance.

In this situation, confronted with clinical cases
with isolated LAC, sometimes (31.5% in our
group of patients) expressing a challenging bi-
ological picture of acquired haemophilia (AH),
we raised some questions: which should be the
advisable diagnostic and therapeutic approach
for these patients in order to avoid unneces-
sary expensive investigations and treatments,
but keeping in mind that AH must be precisely
ruled out; which should be our attitude towards
the programmed invasive surgical interventions
for patients with pre-surgery detection of iso-
lated elevated aPTT and how should they be
monitored. The correctness of some AH cases
with associated LAC reported in the literature
have been considered questionable, arguing that
the lack of investigation with solid assays ren-
dered the results as false positive (11,12). Taking
into account the features of LAC in apparently
healthy children, the strong pathogenic con-
nection of LAC with APS, considering also the
striking differences between childhood and adult
onset APS (13), lacking information on the out-
come of persistently positive antibodies, we for-
mulated some topics of interest for pediatricians:

Who should be investigated ?

- symptomatic patients with thromboembolic
events and exceptionally with bleeding as-
sociated with challenging hemostatic results
(13);

- asymptomatic patients with unexplained
prolonged aPTT (14);

- newborn babies of mothers diagnosed with
APS (15).

Where and when should we perform the explo-

ration of LAC?

- in a competent laboratory, with certification
for hemostasis investigations or, in cumber-
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some cases, in a reference laboratory with
expertise for APS diagnosis (2);

- after repeating the pathological screening
aPTT test (2 times during 3-5 days);

- after excluding pre-analytical factors gen-
erating artefactually increased aPTT results
like: inadequate sample volumes, heparin
contamination, difficult phlebotomy, pro-
longed pre-analytical storage or high hema-
tocrit, avoiding icteric, hemolytic, lipemic
samples (16).

The interpretation of results should take into

consideration the great varibility of the sensitiv-

ity of reagents used for the aPTT assay to an-
ti-phospholipid antibodies (17); it is also to be
underscored that aPTT reagents play an import-
ant role, modulating the mixing study depending
on their sensitivity to FVIII level (12).

What should the workup list consist of?

- exploration of LAC by the multiple step pro-
cedure with screening, mixing and confirma-
tion steps done by two parallel assays, pref-
erable to add a not fluid-solid phase ~ELISA
test (2,18).

- comprehensive investigation of hemostasis

Are the platelet count and coagulation factors
activities of FXII, XI, X, IX, VI +/- FII (the
latter in rare cases with bleeding phenotype)
for their specific inhibitors exploration mean-
ingful? Searching literature for data regarding
cases with AH and concomitant LAC, we have
found many reports, some of these describing
a therapeutic intervention with either high dose
intravenous immunoglobuline (IvIg), corticoste-
roids, cyclophosphamide or rituximab. In con-
trast to our patients the majority of the reported
cases were clinically characterized by different
types of bleeding and received treatment (19—
24). Critical reviews of such AH associating
LAC considered in frequent cases the diagnosis
doubtful (11,12). On the other hand, concerning

non-symptomatic patients, it has been shown
that about 10% of AH are asymptomatic at the
time of their first presentation (25). Interestingly,
Agostini et al. suggested that the simultaneous
presence of LAC might probably mitigate the
bleeding episodes and not produce bleeding in
AH (21). Moreover, there are reports of patients
with asymptomatic onsets who developed later
occuring life-threatening bleeds. Ballard et al.
reported about a patient with rheumatoid arthri-
tis who's pre-surgical findings were consistent
with LAC. At that time of the first presentation
the patient was asymptomatic and had no prior
history of bleeding. Nevertheless, following a
liver biopsy he presented a nearly catastrophic
clinical course due to the coexistent AH A which
was the cofactor for the initial isolated elevation
of aPTT (22). Our answer to this question would
be to undertake a comprehensive exploration
only in the situation of inaccessibility to more
reliable assays. In order to overcome the pitfalls
generated by the present diagnostic procedures
for LAC, an extension of laboratory assays with
chromogenic tests for titration of coagulation
factors and ELISA tests for the confirmation of
the presence of inhibitors are mandatory (25).

Is it advisable to identify additional risk factors?
The isolated transient LAC positivity of asymp-
tomatic persons seems to have an equal risk as
in healthy persons, being accepted as an unrisky
situation (26). At the same time there are some
observations regarding the significantly high-
er risk of evolution to APS in asymptomatic
LAC carriers. Therefore the question remains if
we should prolong the follow-up of these per-
sons and if we should extend our exploration
in the case of persistent LAC with associated
risk factors like obesity, diabetes, malignancy,
congenital heart disease, hypercholesterolemia,
smoking, oral contraceptive use? Large, multi-
center randomised clinical studies will give an
evidence-based answer (27,28).
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Who and how should be treated in the case of

children with LAC?

Regarding the therapeutical approach in patients
with LAC without presenting any hemorrhagic
manifestation, in which the finding of an elevat-
ed aPTT is isolated, the attitude remains a sub-
ject of debate (11,12). The reasons for applying
a ”watch and wait” recommendation is the ex-
ceptionally low proportion of bleeders, despite
of low levels of factors activity (1,14). Immu-
nosupression (steroids, Ivlig, plasma exchange)
is indicated only in cases with autoimmune
background associating LAC and presenting
clinical manifestations, whereas in those without
suggestive clinical manifestations a thorough
workup including ELISA-based assays should
be employed prior to proceeding with poten-
tially harmfull immunosuppressive treatment
(10-12,22,23).

Concerning surgery in patients with isolated el-
evated aPTT, in the present context of debate
with respect to the opportunity of preoperative
routine coagulation screening, we rather fol-
low a prudent attitude of performing routinely
aPTT, PT and platelet count prior to surgery or
an invasive procedure (16). Nevertheless, in the
situation of elevated aPTT associated to a posi-
tive asymptomatic LAC we would also perform
PCT and eventually global coagulation tests like
TEG/TGA (27). In this situation, waiting for
the results of a thorough diagnostic workup as
presented above, we would recommend the per-
formance without delay of unavoidable surgical
interventions as long as appropriate backup he-
mostatic medication is available. Programmed
surgical interventions can be postponed until the
diagnosis is completely clarified (9).

Conclusions

Although rare and mostly innocent considering
its clinical impact in asymptomatic children,
LAC in children needs to be seriously taken into

consideration from the diagnostic point of view
in order to avoid extensive and expensive blood
workup and sometimes also dangerous therapeu-
tic attitudes. A risk-stratified approach (strenght
and persistence of LAC, associated risk factors,
aso), usage of new antibody specificities, more
sensitive and specific laboratory tests, will bring
in the coming years a risk-adapted scoring mod-
el and will contribute to the development of new
strategies, evaluated for the risk of APS or other
manifestations. Further prospective multicenter
studies are required to understand clinical out-
comes and laboratory correlation in children
with positive LAC.
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