
Active thromboembolism is usually managed acutely
with either unfractionated heparin (UFH) or a low-

molecular-weight heparin (LMWH) followed by warfarin.
If heparin-induced thrombocytopenia (HIT) is present,
then traditional initial therapy with UFH or LMWH must
be avoided and a direct thrombin inhibitor (DTI) is initiat-
ed, usually followed by warfarin once the platelet count
has recovered. The intensity of warfarin’s anticoagulation
effect is primarily measured using the international nor-
malized ratio (INR), which reflects the reduction in vita-
min K– dependent clotting factors II, VII, and X.1 On rare
occasions, antibodies or inhibitors, such as antiphospho-
lipid antibodies or lupus anticoagulants, can interfere with
INR determinations, making it more difficult to assess the
degree of vitamin K–dependent clotting factor reduction. 

We describe a case of a patient requiring long-term anti-
coagulant therapy who developed recurrent thrombosis
followed by HIT. 

Case Report

A 56-year-old white woman with a history of antiphospholipid anti-
body syndrome (APS) was receiving chronic warfarin therapy secondary
to recurrent strokes. Other relevant medical history included depression,
hypertension, anemia, and seizure disorder. She was admitted to the hos-
pital for increasing abdominal pain, dehydration, and a 2-week history of
diarrhea refractory to loperamide. A colonoscopy was done, and Clo-
stridium difficile pseudomembranous colitis was eventually diagnosed,
which was treated with oral vancomycin. The patient subsequently de-
veloped severe bilateral abdominal pain. An abdominal computed to-
mography (CT) scan was unremarkable. A repeat CT was questionable
for adrenal hemorrhage, which was subsequently ruled out. At the time
of admission, the patient’s INR was >14. Warfarin was withheld, and the
INR was reversed with vitamin K. Platelets were 189 × 103/mm3 (normal
130– 400). Due to the patient’s risk for thrombosis, a heparin infusion
was initiated. Within 48 hours after starting heparin, the patient became
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OBJECTIVE: To report a case of a patient with antiphospholipid antibody syndrome and multiple thromboses who developed heparin-
induced thrombocytopenia (HIT) and subsequent international normalized ratio (INR) prolongation possibly due to antiphospholipid
antibodies.  

CASE SUMMARY: A 56-year-old white woman with a history of antiphospholipid antibody syndrome and thrombosis taking chronic
warfarin was admitted for gastrointestinal concerns and found to have an INR >14. Warfarin was discontinued, vitamin K was
administered, and a heparin infusion was initiated. Over the next 2 days, thrombocytopenia, hypotension, tachycardia, hyponatremia,
and progressive abdominal pain developed. Upon transfer to a tertiary care center, HIT was diagnosed, and a lepirudin infusion was
initiated. Subsequently, a sudden elevation of the INR occurred (>14) with low prothrombin (factor II) activity. After INR values
declined to 2–3, warfarin was reinitiated with dosing adjusted using factor X and II activity levels. Clotting factors II and X activities
were measured to monitor long-term warfarin therapy, with no evidence of complications after 7 months.

DISCUSSION: Typically, the INR is used to assess the intensity of anticoagulation. The INR value represents the reduction of clotting
factors II, VII, and X. In rare circumstances, an independent inhibitor or interfering substance can interfere with the process of
measuring the INR. In such situations, an alternative approach can be direct measurement of clotting factor concentrations.   

CONCLUSIONS: Factor II and/or factor X activity levels provided an alternative means for measuring the anticoagulant effects of
warfarin in the presence of a significant inhibitor (antiphospholipid antibodies) that biased the INR measurements. 
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thrombocytopenic (platelets 35 × 103/mm3), hypotensive, tachycardic,
and hyponatremic, and developed worsening abdominal pain requiring
transfer to a tertiary care medical center. 

At transfer (transfer day 1), the platelet count was 38 × 103/mm3, INR
1.38, and serum creatinine 2.1 mg/dL. Because HIT was highly suspect-
ed, heparin was discontinued and lepirudin initiated with a 0.4-mg/kg
bolus dose followed by a continuous infusion of 0.05 mg/kg/h (reduced
dose secondary to renal insufficiency) targeting an activated partial
thromboplastin time (aPTT) between 50 and 70 seconds (Table 1). An
enzyme-linked immunosorbent assay for platelet factor 4-heparin anti-
bodies gave a highly positive result. Warfarin was initiated with low dos-
es of 2 mg/day given intravenously to gradually bring the patient’s INR
back into the therapeutic range (prior history had been 7.5 mg/day alter-
nating with 5 mg/day). After 2 warfarin doses, the patient’s mental status
became altered, and warfarin was withheld for several days to rule out
intracranial hemorrhage. No evidence of intracranial hemorrhage was
found, but lower extremity ultrasound indicated a right upper extremity
deep vein thrombosis. On transfer day 6, the patient became hypoten-
sive, tachypneic, and tachycardic, and was transferred to the intensive

care unit (ICU) with concern for sepsis and intubated secondary to respi-
ratory distress. Pulmonary embolism was ruled out.

While in the ICU, lepirudin was continued at doses between 0.03 and
0.07 mg/kg/h to maintain the aPTT between 50 and 70 seconds (serum
creatinine 2.1–2.4 mg/dL). A repeat antiphospholipid antibody test was
highly positive for immunoglobulin G and M isotypes. The INR was
1.86; the presence of an inhibitor that interferes with the INR assay to
prolong the time to form a clot was suggested when the mixture of pa-
tient’s plasma to pooled normal plasma failed to completely correct the
INR. The D -dimer was 7.2 (normal 0–1.5) and the fibrin monomer test
was negative. On transfer days 12 and 13, multiple INR measurements
>14.7 were observed. A finger-stick– derived sample for an INR using a
Coagucheck (Roche Diagnostics) INR monitor showed similar results.
Intravenous vitamin K 1.5 mg was administered to correct the prolonged
INR. The lepirudin infusion was temporarily withheld due to concerns
over the patient’s high INR and bleeding risk. To assess for possible
presence of clotting factor consumption, undetected liver insufficiency,
or vitamin K pathway impairment, the vitamin K pathway clotting fac-
tors II and VII and the non–vitamin-K pathway clotting factor V were
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Table 1. Clinical Course

Transfer Platelets aPTT Factor IIa Factor VIIa Factor Xa

Day (×× 103/mm3) (sec) INR (IU/mL) (IU/mL) (IU/mL) Warfarin Comment

1 38 26 1.38 start lepirudin

2 46 61 2 mg iv

3 61 67 1.73 2 mg iv

4 55 65 1.8

5 70 63 1.95

8 38 68 2.29

10 62 73 3.12

11 77 76 3.52 vitamin K 0.5 mg iv

12 87 82 >14 vitamin K 1.0 mg iv

82 >14

13 101 89 >14

101 >14

14 109 75 >14 ND 0.64 D-dimer 2.9 DRVVT 84 sec, 
factor V 0.64 IU/mL

15 113 64 5.24 ND 0.78 DRVVT 104 sec, factor V 
0.79 IU/mL

16 108 60 2.42 0.07 0.52

22 49 2.04 vitamin K 5 mg po × 3 

30 185 63 2.6 0.53b 0.90b factor V 1.06 IU/mL

33 68 2.6 0.53 0.85 factor V 0.79 IU/mL

41 83 2.8 5 mg all additional warfarin doses 
given po

42 155 72 2.3 0.45c 0.68c 3 mg

43 159 67 2.4 3 mg

44 169 63 2.3 0.46 0.66 3 mg

45 187 65 2.3 5 mg

46 208 71 2.8 5 mg

47 191 66 2.4 0.43d 5 mg

48 189 58 4.6 0.41 5 mg

48 186 53 2.5 0.56e 3 mg

50 201 48 2.2 7.5 mg

51 201 54 3.3 0.26 7.5 mg

aPTT = activated partial thromboplastin time; DRVVT = dilute Russell’s Viper Venom test; INR = international normalized ratio; ND = not determined.
a0.1 IU/mL = 10%; unless noted, all factor levels were drawn during lepirudin infusion.
bFactor level drawn 6 hours after lepirudin held.
cFactor level drawn 24 hours after lepirudin held.
dFactor level drawn 8 hours after lepirudin held.
eFactor level drawn 18 hours after lepirudin held.



measured. The results showed factor II 0.07 IU/mL (normal 0.50–1.50),
factor V 0.64 IU/mL (normal 0.50–1.50), and factor VII 0.64 IU/mL
(normal 0.50–1.50). 

The Dilute Russell’s Viper Venom test (DRVVT) suggested a poten-
tial lupus anticoagulant, which was thought to be interfering with the
INR results. As such, warfarin was still withheld, and the lepirudin infu-
sion was continued to maintain the aPTT between 50 and 70 seconds. In
the absence of warfarin, the INR persisted between 2.5 and 2.8 and addi-
tional oral vitamin K 5 mg was given daily for 3 days (transfer days
22–24). On transfer day 30, the patient’s factor II levels had recovered to
0.53 IU/mL. 

Warfarin was restarted on transfer day 41 targeting a gradual increase
to reduce the risk of venous limb gangrene associated with overanticoag-
ulation and concurrent INR values above the target range in the presence
of HIT.2 The patient’s warfarin response was initially measured using
factor VII activity levels followed by factor II and X activity levels. Ini-
tial target ranges for factor II and X were empirically set at 0.2–0.3
IU/mL (20–30%). On transfer day 53, factor II and factor X levels of
0.13 IU/mL (normal 0.5–1.50) and 0.09 IU/mL, respectively, were re-
ported and the lepirudin infusion was discontinued. The patient was dis-

charged on warfarin 7.5 mg/day and has maintained adequate anticoagu-
lation with measurement of factor X levels between 0.10 and 0.35
IU/mL and factor II between 0.19 and 0.46 IU/mL over the subsequent 7
months (Table 2, Figure 1). Corresponding INR values during this period
ranged from 2.8 to 5.88. Repeat DRVVTs 2 and 8 weeks after discharge
confirmed the presence of a lupus anticoagulant (ratios >1.2 on both in-
stances). The antiphospholipid antibody levels were still markedly ele-
vated 8 weeks after discharge. D -Dimer levels did not significantly
change from those at discharge.

Discussion

Antiphospholipid antibody syndrome (APS) and HIT are
acquired immune disorders diagnosed by clinical presenta-
tion with positive laboratory assays.3 The immune-mediated
form of HIT is typically characterized by reduction in
platelet count within 5–10 days after exposure to heparin
and is associated with a high rate of thrombosis.4 Approxi-

mately 2–4% of all patients receiving UFH de-
velop HIT.5 Although rare, HIT has also oc-
curred with the use of LMWH.6 Thrombocy-
topenia developing <5 days after heparin
exposure can occur if a patient has been ex-
posed to heparin within the past 100 days. Our
patient received enoxaparin 2 months prior to
transfer and developed thrombocytopenia after
only 2 days of heparin exposure. Laboratory as-
says, such as platelet activation or functional as-
says, are useful adjuncts in distinguishing HIT-
related thrombocytopenia from other causes.7

The current drugs used to manage HIT are
DTIs such as lepirudin or argatroban or, in
some cases, the heparinoid danaparoid. This is
followed by conservative initial warfarin doses
to avoid venous limb gangrene.2 There is some
evidence that DTIs bias coagulation assays.8

Therefore, a pre-DTI treatment INR should be
compared with a during-DTI treatment INR to
determine the DTI effect, if any, on the INR. At
our institution, we previously added therapeutic
concentrations of lepirudin (2–3 times baseline
aPTT; ~50–80 sec) to normal pooled plasma
and demonstrated no significant change to INR
values.9 Therefore, we concluded that the ele-
vated INR in this patient was not due to DTI
therapy.  

The etiology and mechanisms of APS are yet
to be fully understood. Antiphospholipid anti-
bodies are a heterogeneous group of autoanti-
bodies not directed against phospholipids, but
against proteins having bound phospholipids, as
well as protein-phospholipid complexes formed
with β2-glycoprotein I, a plasma protein with
anticoagulant properties.10,11 Thrombosis in
these patients has been speculated to occur via
several potential mechanisms including the acti-
vation of endothelial cells and expression of tis-
sue factor, oxidant-mediated injury of vascular
endothelium, and modulation of phospholipid-
binding proteins involved in the regulation of
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Figure 1. Relationship between international normalized ratio (INR) and factor II (❍ ) and
X (▲) activities in a patient with a strong lupus anticoagulant undergoing warfarin therapy.

Table 2. Outpatient Monitoring Profile

Warfarin Factor Xb Factor IIb
Daya (mg/day) INR (IU/mL) (IU/mL) Comment

3 7.5 2.69 0.35
7 7.5 2.80 0.36

15 7.5 4.90 0.30
24 7.5 5.19 0.13 0.25 Bactrim
31 4.0 3.54 0.19 0.30 Bactrim stopped
41 7.5 5.34 0.12 0.23
43 7.5 4.81
47 7.5 3.71
55 7.5 4.95 0.10 0.22
82 7.5 5.8 0.11 0.19

110 7.5 5.88 0.10 0.20
136 7.5 3.79 0.13 0.22
162 7.5 2.75 0.17 0.30
190 7.5 2.89 0.35 0.46
204 10 mg 3.26 0.24 0.46

(1 dose)
7.5 mg 
(6 doses)

INR = international normalized ratio.
aAfter hospital discharge.
b0.1 IU/mL = 10%.



the coagulation cascade.12,13 The diagnosis of APS requires
clinical (thrombosis) and laboratory evidence. The laborato-
ry evidence includes tests for the presence of lupus anticoag-
ulants and/or β2-glycoprotein–dependent anticardiolipin an-
tibody assays.3

Lupus anticoagulants have historically been detected by
prolongation of the aPTT in patients without evidence of
bleeding, heparin contamination, or factor deficiency. The
paradox is that the prolongation of the aPTT due to lupus
anticoagulants is associated with thrombosis. The mecha-
nism of in vitro prolongation of the aPTT (and/or pro-
thrombin time) is through the binding of the phospholipid
present in the testing reagent by the antibodies present in
the patients’ plasma, resulting in prolongation of the clot-
ting time. Several reports suggest variable sensitivity of
laboratory reagents to the presence of lupus anticoagulants,
which are dependent on the type and concentration of
phospholipid used.14-16 At our institution, we deliberately se-
lected our aPTT reagent (Actin FS, Dade Behring) to be lu-
pus anticoagulant insensitive, while our prothrombin time
reagent (Innovin, Dade Behring) is sensitive to the presence
of high-titer phospholipid antibodies.17,18 This prolongation
of our patient’s INR in the absence of warfarin is highly
suggestive of a phospholipid antibody effect, as other in-
hibitors that affect the INR are extremely rare. We also test-
ed this patient’s INR using a finger-stick method, which has
less sensitivity to phospholipid antibodies, although there
was no significant difference between the laboratory result
and finger-stick result. 

To confirm lupus anticoagulants, a phospholipid-depen-
dent test is required.19 We use a DRVVT and re-analyze
any prolonged results of the test with a confirmation method
that neutralizes the lupus anticoagulant effect. In this pa-
tient, we demonstrated a prolonged DRVVT, but the con-
firmation test on the patient sample demonstrated partial
neutralization. We also demonstrated that the addition of a
DTI to normal plasma will prolong the DRVVT and yield
inconclusive neutralization testing. Therefore, during the
lepirudin treatment course, we were unable to absolutely
ascertain that the prolongation of the INR was due to a
phospholipid antibody.

A relatively common finding in patients with lupus antico-
agulants is prothrombinemia (decreased factor II levels) due
to an autoantibody to factor II.20 These antibodies are non-
neutralizing and cannot be detected by traditional mixing
studies with normal plasma. In our patient, it was unclear
whether the frank prothrombinemia (factor II 0.07 IU/mL)
was secondary to an autoantibody or just a delayed recovery
from vitamin K replacement, especially since the patient later
demonstrated normal prothrombin concentrations.

The development of high-titer phospholipid antibodies in
this patient complicated her management, since an elevated
INR was present in the absence of other causes such as liver
disease or drug therapy. This interference made it difficult to
determine whether the patient was being appropriately anti-
coagulated while on warfarin. Therefore, the challenge was
how to monitor her anticoagulation after reinitiating warfarin,
as some thromboplastins may be influenced in the presence

of high titers of antiphospholipid antibodies. In these in-
stances, adjustments of the target INR may be higher, up to
2.5–3.5. In the presence of high- titer inhibitors, rendering the
INR unusable, alternative approaches to monitoring the anti-
coagulation effect of warfarin are necessary. An alternative
approach was to follow clotting factor activity. 

There are 2 primary means of determining levels of vi-
tamin K– dependent clotting factor activity. A chro-
mogenic method uses a reagent substrate that is labeled
with a chromophore, so that when the reagent is bound to
the target protein, a color is produced that is measured
spectrophotometrically. A clot-based assay uses a modified
prothrombin time or aPTT method. The postulated advan-
tage of the chromogenic method is that no phospholipid
membrane surface is required, and thus the method may
not be influenced by the inhibitory effect of high-titer an-
tiphospholipid antibodies. In patients with lupus anticoagu-
lants, one study correlated a factor X reduction of 0.20–0.40
IU/mL to INR values between 2 and 3 using a chromogenic
assay. Observed factor II activities were slightly lower than
those of factor X.21

Clot-based, also termed amidolytic methods, may be
used for factor assays even though the lupus anticoagulant
prolongs the patient’s prothrombin time and/or aPTT. In
performing factor assays, the patient’s plasma is usually di-
luted with a buffered saline solution prior to analysis. This
dilution of the plasma will also dilute the high-titer an-
tiphospholipid antibody effect, enabling the prothrombin
time and/or aPTT reagent to be used for factor activity
analysis. Reproducible results between serial dilutions and
tests for parallelism between patient results and the test
standard are procedural checks to determine whether there
exists an inhibitor effect when performing factor activity
assays. In our patient, the sample diluting effectively neu-
tralized the inhibitory effect of the high-titer antiphospho-
lipid antibodies, and we were able to accurately determine
factor activity levels. One study reported factor X levels in
the presence of lupus anticoagulant using an amidolytic
factor X assay ranging from 0.20 to 0.30 IU/mL for INRs
of 2–3 and from 0.11 to 0.20 IU/mL for INRs of 3–5.22

Although we were able to use amidolytic methods to
measure factor activity levels in our patient, further chal-
lenges included using these data to manage anticoagula-
tion. The data on factor activity levels and their correlation
with INR values in patients receiving oral vitamin K an-
tagonists is limited. No clear guidelines or published expe-
rience is available on initiating and adjusting warfarin dos-
ing using clotting factor levels. One report suggested that
factor II levels of 0.20–0.40 IU/mL correlated with an
INR equivalent of 2–3.23 D’Angelo et al.24 expanded on
this theory suggesting that prothrombin activation, instead
of INR, had better correlation with factor II levels. Their
research showed mean INR values of 2.9 (2.62–3.20) cor-
related with mean factor II levels of 0.30 IU/mL (0.27–0.34
IU/mL) and factor X levels of 0.11 IU/mL (0.09–0.13
IU/mL). However, others have observed that factor II levels
measured during warfarin therapy may not correlate with
measured therapeutic INR results, and a multivariate analy-
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sis showed factor II levels to be the least significant of the 3
factors measured in determining the INR.25-27 Looking at
combined clotting factor levels appeared to be the best op-
tion for monitoring anticoagulation in our patient. In fact,
Lind et al.27 reported that the correlation of the INR was
higher between the measurement of combined factors X
and II (r = 0.72) than with factors X and VII (r = 0.37).

Since clotting factors reflected in the INR have variable
elimination half-lives (t1/2), the shortest, factor VII (t1/2 2–5
h), would indicate initial responses to warfarin. In our pa-
tient, we opted to use the factor VII activity measurement
after the first 24 hours of warfarin therapy to determine the
initial response to warfarin anticoagulation. The other vita-
min K– dependent factors (factor X t1/2 20– 42 h, factor II
t1/2 48–120 h) have longer half-lives and therefore would
be used to monitor long-term stabilized warfarin therapy.28

We adjusted the warfarin dose to maintain factor X values
subjectively at lower target values than previously ob-
served (0.15–0.25 IU/mL) out of concern for the patient’s
hypercoagulable state. The factor II activities were concur-
rently measured and were slightly higher (0.19–0.30
IU/mL) than corresponding factor X activity levels. After
7 months of warfarin therapy, there has been no overt evi-
dence of thrombosis or adverse events.

Summary

Antiphospholipid antibodies (specifically lupus antico-
agulant) have been shown to artificially prolong the clot-
ting times of prothrombin time and aPTT tests, making
these assays unreliable for monitoring anticoagulation. In
our patient, consistently elevated INR values due to pres-
ence of high-titer antiphospholipid antibodies made war-
farin monitoring challenging. Long-term warfarin therapy
was accomplished by following the initial reduction of fac-
tor VII activity and then monitoring long-term anticoagu-
lation with factor II and X activity levels. 
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EXTRACTO

OBJETIVO: Informar sobre un caso de una paciente con el síndrome de
anticuerpos a antifosfolípidos y trombosis múltiples que desarrolló
trombocitopenia inducida por heparina (HIT) y, subsiguientemente,
prolongación de la razón internacional normalizada (INR), posiblemente
debido a los anticuerpos a antifosfolípidos. Se midió la actividad de los
factores de coagulación II y X para ajustar la terapia a largo lazo de
warfarina sin evidencia de complicaciones al completar 7 meses.

RESUMEN DEL CASO: Una mujer de 56 años de edad con historial de
síndrome de anticuerpos a antifosfolípidos y trombosis en terapia
crónica con warfarina fue ingresada al hospital por problemas
gastrointestinales y se encontró con una INR >14. Se descontinuó la
warfarina, se administró vitamina K, y se inició una infusión de
heparina. Luego de 2 días, la paciente desarrolló trombocitopenia,
hipotensión, taquicardia, hiponatremia, y dolor abdominal progresivo.
Luego de transferirla a un centro de cuidado terciario, se le diagnostica
HIT y se inicia una infusión de lepirudina. Subsiguientemente, ocurre
una elevación súbita de la INR (>14) con una actividad de protrombina
(factor II) baja. Cuando los valores de la INR bajaron a 2–3, se
recomenzó la warfarina y se ajustó la dosis utilizando los niveles de
actividad de factor X y II.

DISCUSIÓN: Típicamente se usa la INR para evaluar la intensidad de
anticoagulación. El valor de INR representa la reducción de los factores
II, VII, y X. En raras circunstancias, un inhibidor independiente o
sustancia puede interferir con el proceso de medir la INR. En estas
situaciones, un manejo alterno puede ser la medida directa de las
concentraciones de los factores.

CONCLUSIONES: Los niveles de actividad de los factores II y/o X proveen
un medio alterno para medir los efectos anticoagulantes de warfarina en
presencia de un inhibidor significativo (anticuerpos a antifosfolípidos)
que puede influenciar en la medida de la INR.

Giselle Rivera-Miranda

RÉSUMÉ

OBJECTIF: Rapporter un cas de syndrome antiphospholipide ayant
développé une thrombocytopénie à l’héparine (TIH) nécessitant une
anticoagulation à base de warfarine. Le monitoring de ce patient étant
rendu difficile par une prolongation du RNI secondaire aux anticorps, le
suivi a été fait avec succès pendant 7 mois à l’aide de l’activité anti-IIa
et anti-Xa.

RÉSUMÉ: Une patiente de 56 ans présentant un syndrome
antiphospholipide sous warfarine pour prévenir des évènements
thrombotiques, est admise pour des raisons gastro-intestinales. Un RNI
de 14 étant mesuré, la warfarine est arrêtée, renversée avec de la
vitamine K, et une perfusion d’héparine est débutée. À l’intérieur de 2
jours, une thrombocytopénie se développe, associée à de l’hypotension,
de la tachycardie, une hyponatrémie, et des douleurs abdominales. Une
TIH est diagnostiquée et la de lépirudine est débutée. Une brusque
élévation du RNI (plus de 14) associée à une faible activité de la
prothrombine est notée. La warfarine a été ré-instituée en ajustant les
doses selon l’activité anti-Xa et anti-IIa.

DISCUSSION: Le RNI est utilisé pour suivre l’intensité de
l’anticoagulation. Cette valeur représente l’activité des facteurs II, VII, et
X. Dans de rares circonstances, une substance peut interférer avec les
mesures, ce qui peut être évité en mesurant directement l’activité des
facteurs de coagulation.

CONCLUSIONS: L’activité anti-Xa ou anti-IIa est une alternative valable
pour mesurer l’intensité de l’effet anticoagulant de la warfarine chez des
patients présentant des inhibiteurs circulants, comme des anticorps anti-
phospholipides.

Jean Longtin
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