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Abstract Routine investigation for recurrent pregnancy

loss includes measurement of antiphospholipid antibodies.

The lupus anticoagulant has long been associated with

increased risks for thrombosis and adverse obstetric out-

comes. But there are some disadvantages with lupus anti-

coagulant (LAC) tests which includes varied sensitivity of

different clot based assays. ISTH recommends only 2

assays (preferably DRVVT and APTT-LA) for the identi-

fication of lupus anticoagulant but there are some studies

which don’t support this contention. Our study analyzed

526 samples from high risk pregnancy cases for APLA by

all four LAC tests from tertiary centre of northern India.

Among all the cases studies 65 cases were positive for

lupus anticoagulant 25 of this became negative after

12 weeks. Among the 40 repeated positive assays, dRVVT

could able to diagnose 36 cases followed by APTT-LA

which could able to diagnose 28 cases, while KCT could

able to diagnose 23 cases and dPT could able to diagnose

only 14 cases. There were 12 cases in whom all lupus

assays were positive. Our study thus concluded that

DRVVT was the most sensitive followed by APPT-LA,

KCT, dPT. The combination of dRVVT with APTT-LA or

KCT appeared to be superior to other combinations. No

individual test per se is 100% sensitive for the diagnosis of

APLA in high risk pregnancy cases. Further results con-

firmed that repeated LAC result is required even in a high-

risk setting. Positive LAC assay in majority were not

associated with exclusively recurrent pregnancy loss but

were associated with sporadic stillbirth and thrombosis.

Keywords Antiphospholipid syndrome � Lupus

anticoagulant � DRVVT � dPT � KCT � APTT-LA � High

risk pregnancy � Recurrent abortions

Introduction

Antiphospholipid syndrome (APS) is characterized by

multisystem manifestations like arterial and venous

thrombosis, recurrent pregnancy loss, intrauterine death

and other obstetric morbidities like premature birth and

preeclampsia accompanied by persistence of antiphospho-

lipid antibodies (aPL) [1, 2]. aPL are detected on the basis

of solid phase assays [comprised of anticardiolipin (acl)

antibody and anti b2 glycoprotein I (ab2GPI)] and liquid
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phase assays (which identifies lupus anticoagulants

[LACs]). LACs are being detected by clot based tests. Four

clot based assays are available namely diluted Russell viper

venom test (dRVVT), activated partial prothrombin time—

lupus anticoagulant (APTT-LA), kaolin clotting time

(KCT) and dilute prothrombin time (dPT). The Interna-

tional Society on Thrombosis and Hemostasis (ISTH) has

proposed use of two assays to measure lupus anticoagulant:

the dilute Russell viper venom time (dRVVT) and a sen-

sitive partial thromboplastin time (PTT-LA) [3, 4]. Earlier

recommendations have included kaolin clotting time

(KCT) and dilute prothrombin time (dPT) as sensitive

measures of the lupus anticoagulant [4, 5]. Though it is still

debatable [6, 7], however updated guidelines no longer

support the use of KCT and dPT because of difficulties in

performing them as there is a risk of increased chance of

false-positivity with the use of more than 2 assays [3].

However there are several studies published where one or

other tests have been considered as superior to others

[6, 8–10]. Till now no superior combinations of the LAC

assays have been observed in the literature [4, 6]. It is very

important to diagnose APS correctly as it is a treat-

able condition and thus requires a test with good sensitiv-

ity. The association of LAC tests with various obstetric

morbidities is also debatable [2, 11–17]. Another debat-

able issue in the setting of APLA diagnosis is the number

of LAC tests required to perform in the clinically suspected

cases of APS. ISTH guidelines have forewarned for false-

positivity if more than two lupus anticoagulant assays are

performed [3] but there are studies available which don’t

agree with these guidelines. Also there is lack of associa-

tion between any one particular assays and clinical mani-

festations thus indicating a need of more than one assay.

In view of the above varied literature and a fewer

available data in Indian population, this study was aimed to

find out the most suitable test, to know the fact that whether

there is increase in the sensitivity of LAC tests by including

more assays or not, and finally to find out the association of

LAC tests in various obstetric morbidities in an Indian

population.

Materials and Methods

Descriptive cross sectional study was done. This prospec-

tive study was conducted in the tertiary centre of northern

India from the period 01 July 2014 to 30 September 2015.

Five hundred and twenty-six patients of high risk preg-

nancy conditions (Recurrent Pregnancy loss early sponta-

neous abortions, Stillbirths, IUDs, Ectopic pregnancies,

IUGR, HELLP syndrome, Eclampsia and preeclampsia)

were consecutively studied in whom the tests were being

advised as a part of routine work up for LAC tests. The

study was approved by the Ethics Committee and was

performed in accordance with ethics standards laid down in

the 1975 Declaration of Helsinki and its later amendments.

A written informed consent was obtained from the patients

prior to the procedures.

Patients who were on drugs (procainamide and chlor-

promazine, anticoagulants) and who were suffering from

infections (HIV, hepatitis, malaria, CMV and others) were

excluded. Patients with only 1 pregnancy loss were

excluded.

LAC test was done with a minimum gap of 3 months

and maximum gap of 5 years of the last abortion as per the

guidelines [18].

Fifty sex and age matched healthy controls with no

history of pregnancy loss, thrombotic episode, and

uneventful previous pregnancy was also incorporated.

All tests except KCT was done on STAGO STA Com-

pact. In dPT, the recombinant thromboplastin [Tissue

Factor ? Phospholipid] was diluted 1:50 and 1:500. The

ratio of the clotting time with the dilute recombinant

thromboplastin [1:500] and the normal reagent [1:50] was

compared to a normal control. Ratio of 50 normal controls

were calculated and 99th percentile was taken (1.3). The

ratio above the 99th percentile ([ 1.3) was considered

positive.

In the confirmatory protocol, a uniquely formulated

phospholipid reagent was used to demonstrate the phos-

pholipid-dependent nature of the LA detected in samples

that tested positive in the screening protocol. Kaolin was

performed manually.

Kaolin clotting time was calculated by Rosner Index

(RI):

RI = KCT (50:50mix) - KCT (Normal)

KCT (patient)

RI[ 0.145 was considered positive (99th percentile of

matched 50 controls)

DRVVT was performed by STA�-Staclot� screen and

STA�-Staclot� confirm whose reference range was estab-

lished from 30 individual normal plasma samples. The final

result was expressed as a screen ratio = screen clotting

time (CT) of the plasma to be tested/screen CT of reference

pool. Screen clotting time of reference pool was 40.3 s.

99th Screen clotting time of the 30 controls was 48.41 s.

Therefore the cut-off of the screen ratio was 1.2. It was

considered positive when it was C 1.2 after which then

mixing study was performed.

When not corrected by mixing study then DRVVT

(confirm) test was performed in the similar manner by

choosing DRVVT (confirm) mode and confirm ratio was

calculated as confirm ratio = confirm clotting time (CT) of

the plasma to be tested/confirm CT of reference pool.
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Further normalized ratio was calculated as normalised

ratio = screen ratio/confirm ratio. It was considered as

positive when it was[ 1.2.

APTT of the test plasma studied was compared with

pooled plasma. The test was done in the Stago STA com-

pact automated coagulation analyzer. 99th percentile of the

30 control was 45.2 s. Thus the clotting time of [ 45.2 s

was considered positive.

Open Epi version 3 was used to calculate the sensitivity

and the specificity. Univariate odds ratio and 95% CI were

estimated for the various parameters by Med Calc software.

p value of\ 0.05 was considered significant.

Results

A total of 526 female patients were studied. The median

age of the patient was 28 years with the range of

20–42 years. Median age of the control was 27 years with

the range of 20–39 years. None of the control cases were

found to be positive by all four LAC tests.

Table 1 shows 65 lupus anticoagulant (LAC) positive

cases out of the 500 and 26 high risk pregnancy cases.

After 12 weeks of repeated tests, 25 patients who showed

initial positivity were turned out to negative. Among the 40

repeated positive assays, overall dRVVT could able to

diagnose 36 cases followed by APTT-LA which could able

to diagnose 28 cases, while KCT could able to diagnose 23

cases and dPT could able to diagnose only 14 cases. There

were 12 cases in whom all lupus assays were positive

(Table 1).

Among the 526 women studied, there were 291 women

who had the previous history of late abortions alone, 176

women had the history of early abortions alone, while 59

women had the history of both early and late abortions.

Among the early abortions 10 out of 176 patients showed

confirmed LAC positivity while among the late abortions

group 23 out of the 291 patents showed the LAC positivity

(Table 2).

In addition to the pregnancy losses, 19 women also had

at least one documented and proven episode of thrombosis.

Of these 19 cases 10 women had the history of stroke, 07

women had DVT while 01 woman had history of hepatic

and 01 woman had history of portal vein thrombosis. Out

of the 19 cases 04 had LAC positivity. 123 women in

addition had the history of still birth of which 15 cases

showed the LAC positivity. 27 had the history of eclamp-

sia/pre-eclampsia out of which only one woman was pos-

itive for LAC (Table 3).

There was significant increase in the history of throm-

bosis with positive LAC assays in comparison to LAC

negative assay(s) [10% vs. 3%; with incidence rate dif-

ference 0.07 (95% CI 0.004–0.13), p = 0.04; with Odds

ratio of 3.26; (95% CI 1.03–10.27), p = 0.04].

Similarly, there was significant increase in the history of

still birth with the positive assay(s) in comparison to LAC

negative assay(s) (37.5% vs. 22.25%; incidence rate dif-

ference 0.18 (95% CI 0.02–0.33), p = 0.026, OR = 2.1

(95% CI 1.07–4.1), p = 0.03).

There was no apparent significant difference among

LAC positive and LAC negative assays in women with the

early abortion group [25% vs. 34% with incidence rate

difference - 0.1121 (95% CI - 0.30 to 0.079) p = 0.25

with OR = 0.70 (95% CI 0.33–1.47), p = 0.3497] as well

as late abortion group [57.5% vs. 54.5% with incidence rate

difference 0.001235 (95% CI - 0.24 to 0.25), p = 0.99;

OR of 1.23 (95% CI 0.63–2.37), p = 0.53] and in the

women with preeclampsia [2.5% vs. 5.3% with incidence

rate difference incidence rate difference - 0.03 (95% CI

- 0.10 to 0.04), p = 0.41 OR of 0.45 (95% CI 0.06–3.4),

p = 0.44 observed between the LAC positive and the LAC

negative (Table 4).

Table 1 Positive LAC High risk pregnancy cases

LAC assays Repeated after 12 weeks positive (n = 40) Repeated after 12 weeks negative (n = 25)

All 12 1

KCT ? APTT LA ? dRVVT 7 11

KCT ? APTT LA 3 1

KCT ? dRVVT 1 0

APTT LA ? dRVVT 5 3

KCT 0 1

APTT LA 1 1

dRVVT 9 7

dRVVT ? dPT 02 0

Total 40 25
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Amongst the single positive LAC assay, dRVVT was

the most sensitive with sensitivity rate of 90% followed by

APTT-LA with the sensitivity of 70% and KCT with the

sensitivity of 57.5% and the sensitivity of dPT time was

35%. In the group of dual assays the sensitivity of APTT

LA and/or dRVVT and KCT and/or dRVVT were 97.5%

each, while the sensitivity of KCT and/or APTT-LA was

72.5% APTT-LA and/or dPT approached 75% and KCT

and or dPT had a sensitivity of 62.5%. In the triple com-

bination of dRVVT and/or KCT and/or APTT LA the

sensitivity and NPV was 100% as also in the combination

of dRVVT and/or APTT-LA and/or dPT. In APTT-LA and/

or KCT and/or dPT the sensitivity was 77.5% and in

dRVVT and/or KCT and/or dPT the sensitivity was 97.5%

(Table 5).

Table 2 Distribution of

recurrent abortions
Recurrent abortions LAC positive

n = 40

LAC negative

n = 486

Early abortion (\ 12 weeks)

(n = 176)

10 (5.7%) 166 (94.3%)

Late abortion (12–20 weeks)

(n = 291)

23 (7.9%) 268 (92.1%)

Both early and late abortion (n = 59) 7 (11.9%) 52 (88.1%)

Table 3 Distribution of

additional clinical events in

women with recurrent abortions

Additional clinical events in women with recurrent abortions LAC positive

n = 40

LAC negative

n = 486

Still birth ([ 20 weeks) (n = 123) 15 (12.2%) 108 (87.8%)

Thrombosis (n = 19) 4 (21%) 15 (79%)

Eclampsia/preeclampsia 1 (3.7%) 26 (96.3%)

Table 4 Odds ratio and comparison of LAC positive and LAC negative of various clinical events

Incidence rate difference between LAC positive vs LAC

negative group

Odds ratio (OR) between LAC positive vs LAC

negative group

Still birth ([ 20 weeks)

(n = 123)

0.18 OR = 2.1

(95% CI 0.02–0.33) (95% CI 1.07–4.1)

p = 0.026 p = 0.03

Thrombosis (n = 19) 0.07 OR = 3.26

(95% CI 0.004–0.13) (95% CI 1.03–10.27)

p = 0.04 p = 0.04

Early abortion (\ 12 weeks)

(n = 176)

- 0.1121 OR = 0.70

(95% CI - 0.30 to 0.079) (95% CI 0.33–1.47)

p = 0.25 p = 0.3497

Late abortion (12–20 weeks)

(n = 288)

0.001235 1.23

(95% CI - 0.24 to 0.25) (95% CI 0.63–2.37)

p = 0.99 p = 0.53

Both early and late abortion

(n = 59)

0.0536 2.25

(95% CI - 0.06 to 0.16) (95% CI 0.92–5.48)

p = 0.35 p = 0.07

Eclampsia - 0.03 0.4536

95% CI - 0.10 to 0.04 (95% CI 0.06–3.4)

p = 0.41 p = 0.44
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Discussion

The study which was aimed to focus on the utility of all

four LAC tests in high risk pregnancies firstly has con-

firmed the fact that repeated LAC assay after 12 weeks as

suggested in the guidelines is required in order to avoid

false positivity as was also seen in our 25 cases that turned

out to be negative after 12 weeks as evident in Table 1.

Secondly, our study has confirmed an association between

the LAC positivity and maternal thrombosis (Table 4)

which has also been reported previously by other studies

[19–21]. In our study the incidence rate of thrombosis was

10% (Table 3) which was same as documented in the

previous studies [19–21]. This suggests an importance of

counselling in patients suspected to have APLA to avoid

any other concomitant thrombophilic conditions, e.g.

oestrogen-progesterone combination oral contraceptives,

high altitudes, cigarette smoking.

Similarly, stillbirths have been significantly associated

with LAC positivity (Tables 3, 4).

Our study (Tables 2, 4) didn’t observe any association

of LAC positivity with early abortions which was in con-

currence with various studies [13, 18, 22–24]. However

one study [14] observed the association of positive LAC

assays with early abortions. It is hypothesized that this

study [14] was conducted in the era before Sydney

guidelines were introduced when LAC assays were repe-

ated after 06 weeks period instead of 12 weeks period,

hence it might be possible that it may be false positive.

However since it’s an old study it is not appropriate to

prove and analyze their results.

Eclampsia/Pr-eclampsia was also not significantly

associated with LAC positivity in our study thus debating

the indication of these costly tests in these conditions.

ISTH suspected the risk of high false-positivity if C 2

LAC assays are being performed. This issue is quite

debatable as discussed below also and required to be

studied.

While the reported global prevalence of LAC positivity

in high risk pregnancy was 2–8% [17], the prevalence of

LAC positivity in high risk pregnancy in this study was

7.6% thus ruling out any spurious increase in prevalence

even after using four assays.

The disadvantage of recommending all four assays is

that it may lead to increased costs, but the advantage is that

it may increase the sensitivity of LAC tests. While it is

recommended to use any of the two assays by ISTH [18],

there has been unsolved debate over the choice of assays

[3, 4, 6, 8, 10, 25–27]. We have seen in our study that there

is an increase in the sensitivity to 100% if we increase the

number of assays to three by incorporating APTT-LA,

dRVVT and KCT (Table 5). While among the single assay

the sensitivity of dRVVT was 90% which was the best in a

single LAC assay group and thus our study also stresses

upon inclusion of dRVVT at least in LAC tests. Since no

individual test per se was 100% sensitive for the diagnosis

of APLA in high risk pregnancy cases, there is a need of

using more than one assay which is also supported by the

ISTH guidelines [3]. The best combination on using two

assays group was the combination of dRVVT and APTT-

LA or KCT assay as it approached to 97.5% in the each

group but unfortunately it never reached to 100% when

considered only in pairs. While ISTH strongly recommends

dRVVT and APTT-LA in the work up of APS [3], Pengo

et al. reported that a combination of both dRVVT and KCT

was more useful [18]. Our study has supported both the

above recommendations [3, 8]. However in contrast to our

study, some of the studies [6, 15] have observed that there

is no superior combination among LAC assays.

Though dPT and KCT, are specifically not recom-

mended in the ISTH guidelines [3], some of the studies [6]

have concluded that the result of KCT was ‘‘most abnor-

mal’’ among all LAC positive cases. However in our study

we did not find KCT to be the most abnormal and its

sensitivity was near that of APTT-LA (Table 5). The

drawback of the KCT mentioned in the literature [28] was

its technique, but since more than two decades we have

been performing LAC assays in our laboratory and no

methodological issues were raised with respect to perfor-

mance of the KCT assay.

Thus our study has highlighted all important issue which

often comes across while investigating APLA.

Table 5 Sensitivity and negative predictive value of various LAC

assays and their combinations

LAC assays Sensitivity (%) NPV (%)

KCT and/or dPT and/or APTT-LA 77.5 98.2

KCT and/or APTT LA and/or dRVVT 100 100

KCT and/or dPT and/or dRVVT 97.5 99.8

APTT-LA and/or dPT and/or dRVVT 100 100

KCT and/or APTT LA 72.5 97.8

KCT and/or dRVVT 97.5 99.8

KCT and/or dPT 62.5 97.0

APTT LA and/or dRVVT 97.5 99.8

APTT LA and/or dPT 75 97.9

KCT 57.5 96.6

APTT LA 70 97.6

dPT 35 94.9

dRVVT 90 99.2

NPV negative predictive value
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Conclusions

Our study has concluded that dRVVT should be incorpo-

rated with either APTT-LA or KCT in the setting of high

risk pregnancy cases especially with the history of still-

births and thrombosis, however for the recurrent abortions

more studies with large number of patients are required to

confirm their association with positive LAC assay(s).
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