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activation during the early and steady
phases of oral anticoagulant
treatment
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Background and Objectives. In vitro studies have shown
that the rate of prothrombin activation is linearly related
to the concentration of factor II (FII)  in the assay system,
suggesting a key role of prothrombin levels in the expres-
sion of the antithrombotic activity of oral anticoagulant
treatment (OAT). We investigated the in vivo relationship
between prothrombin activation and vitamin K-depen-
dent clotting factor levels during the early and steady
phases of OAT in patients and in healthy volunteers.

Design and Methods. The changes in international nor-
malizezd ratio (INR) and in the plasma levels of FVII, FX,
FII, protein C (PC) and prothrombin fragment 1.2 (F1+2)
induced by OAT were monitored over 9 days in 10
patients – not on heparin – starting warfarin after heart
valve replacement (HVR) and in 9 healthy volunteers sub-
mitted to an 8-day course of warfarin treatment. FII and
F1+2 plasma levels were also measured in 100 patients
on stable oral anticoagulant treatment with INRs ranging
from 1.2 to 6.84.

Results. Because HVR patients had subnormal FVII, FX
and FII levels after surgery, INR values > 2.0 were
attained already 24 hours after the first warfarin dose. In
healthy volunteers, INR values greater than 2.0 were first
observed after 72 hours. Nadir levels of FVII, PC, FX and
FII were reached between 40 and 88 hours in HVR
patients and between 72 and 192 hours in healthy vol-
unteers. The FII apparent half-disappearance time (t/2)
was 99 hours in HVR patients and 115 hours in healthy
volunteers (p = ns). In HVR patients there was no nor-
malization of initially elevated F1+2  levels until day 7
with an apparent t/2 of 132 hours. In healthy volunteers,
a decrease to subnormal F1+2 levels was observed by
day 8 of treatment (apparent t/2 = 107 hours). In both
HVR patients and healthy volunteers, FII and PC levels
were independent  predictors of the changes in F1+2 lev-
els (p = 0.0001). In patients on stable OAT, only FII lev-
els were independent predictors of the variation in F1+2
levels (p = 0.0001).

Interpretation and Conclusions. During the early phase
of oral anticoagulant treatment in vivo prothrombin acti-
vation is a function of the balance between FII and PC lev-
els and is not significantly prevented until nadir levels of

It is has been only relatively recently shown that
patients with acute venous thromboembolism
require overlapping of heparin with oral antico-

agulants to prevent extension and recurrence of
thrombosis effectively.1 Current guidelines recom-
mend that when a rapid effect is required, heparin
should be given concurrently with warfarin for at
least 4 days and discontinued when the INR has
been in the therapeutic range on two measure-
ments made at least 24 h apart.2 This recommen-
dation is based on clinical evidence, but its bio-
chemical background  is not clear because of uncer-
tainty about the true antithrombotic effect of war-
farin.3 In rabbits receiving warfarin treatment, the
antithrombotic effect in an experimental model of
venous thrombosis was shown to correlate with
anti-Xa activity.3 In contrast, in vitro studies have
shown that the rate of prothrombin activation is
linearly related to the concentration of factor II in
the assay system, suggesting a key role of pro-
thrombin levels in the expression of the antithrom-
botic activity of oral anticoagulant treatment.4

The international normalized ratio (INR) is cur-
rently used to monitor oral anticoagulant treat-
ment even during the early phase of treatment,
when the changes in prothrombin time are more
likely to be secondary to the decrease in factor VII
levels than in the levels of vitamin K-dependent
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FII are obtained. This provides an explanation for the
requirement of overlapping heparin and oral anticoagu-
lant treatment for at least 48 hours after the achieve-
ment of therapeutic INR values in patients with throm-
boembolic diseases. In addition, in vivo prothrombin acti-
vation is a function of FII levels rather than INR values
also in patients on stable oral anticoagulant treatment.
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clotting factors with a longer half-life.5 In vivo pro-
thrombin activation  can be monitored by measur-
ing the levels of prothrombin fragment 1+2 (F1+2),
which is released from factor II by the action of the
prothrombinase complex.6 However, the relation-
ship between the decrease in vitamin K-dependent
clotting factors and the resultant degree of in vivo
prothrombin activation has not been extensively
investigated either during the early or the steady
phase of oral anticoagulant treatment. To evaluate
such a relationship, we measured F1+2 levels in
patients and in healthy volunteers submitted to oral
anticoagulant treatment without concomitant
heparin therapy. In addition, we also explored the
association between factor II, protein C and F1+2
levels in a group of patients on stable oral antico-
agulation.

Design and Methods
After obtaining informed consent, 10 patients

submitted to surgery for heart valve replacement (6
women and 4 men, mean age 63±14 years, 5 mitral
valve, 3 aortic valve, 2 mitro-aortic valve) and free
of surgical complications were enrolled in the
study. They each received 5 mg of warfarin on the
first or second postoperative day with later dosages
adjusted  based on INR values obtained daily.

Nine healthy subjects (6 men, 3 women, mean
age 38±6 years) agreed to a protocol involving
assumption of warfarin (10 mg/day) for 3 days,
with the following dosages adjusted based upon
daily INR measurements for a total of 8 days.

One hundred patients (48 F, 52 M, mean age
69±11 yrs) on oral anticoagulant treatment for at
least 3 months with warfarin (n = 68) or aceno-
coumarol (n = 32) because of: atrial fibrillation (n
= 46), peripheral artery occlusive disease (n = 14),
venous thromboembolism (n = 24) or heart valve
prosthesis (n =16) attending our anticoagulation
clinic agreed to allow their plasma to be evaluat-
ed for factor II:C and F1+2 content.

Plasma samples were selected to span a wide
range of INR values. Patients with lupus anticoag-
ulants were not included in this series. The study
was approved by the Ethical Committee of our
Institution.

Laboratory parameters
Blood samples (5 mL) were taken from the

patients until day 9 of treatment, for a total of 15
samples, and from the healthy subjects until day 15
(seven days after interruption of anticoagulant
treatment, for a total of 15 samples). Blood was
collected into vacutainer tubes (Becton-Dickinson)

containing tri-sodium citrate (0.19 M) and, after
centrifugation, platelet-free plasma was immedi-
ately used to test INR values (Recombiplastin,
Instrumentation Laboratory, Milan, Italy, ISI = 0.98).
Plasma aliquots (0.4 mL) were snap frozen with
methanol and dry ice and stored at –70°C until
assayed for clotting factors and F1+2 levels. The
coagulant activity of factor VII, X and II was mea-
sured in one-stage assays using the above men-
tioned thromboplastin reagent and immunode-
pleted plasmas from Stago (Genevilliers, France).
The anticoagulant activity of protein C was mea-
sured by a commercial reagent (STA Protein C clot-
ting, Stago). Calibration curves were obtained using
dilutions of normal pooled plasma collected from
40 apparently healthy subjects (20 men, 20
women) and stored at –70°C. F1+2 levels were
measured by a commercially available ELISA (Dade-
Behring), using an ELISA reader (Titertek Multi-
scan). In a population of 60 apparently healthy
subjects (30 women and 30 men, mean age
40.8±12.2 years) F1+2 levels were 0.500±0.17 nM
(range: 0.27-0.92 nM).

Statistical analysis
For descriptive purposes, mean±SD or 95% con-

fidence limits of the mean are reported for the lab-
oratory parameters Mean±SE or median and
interquartile ranges are reported in the figures. Sta-
tistical analysis was conducted on log-transformed
data to approach normal distributions. One-way
analysis of variance for repeated measures was
separately used in HVR patients and in healthy vol-
unteers to evaluate the significance of the changes
for each of the laboratory parameters. Post-hoc
comparisons were carried out with the Student’s t
test for paired data applying the Bonferroni's cor-
rection. Apparent half-disappearance times were
extrapolated by linear regression analysis using
measurements obtained until 48 hours (INR, FVII,
PC), 88 hours (FX, FII) and 147 hours (F1+2) in
patients and until 72 hours (INR, FVII, PC) and 120
hours (FX, FII, F1+2) in healthy volunteers. Differ-
ences between HRV patients and healthy volun-
teers were evaluated by analysis of variance or the
t test for unpaired data. The independent effects of
vitamin K-dependent clotting factors  and of oth-
er parameters on the variation in F1+2 levels was
explored in the generalized linear model. One-way
analysis of variance  was used to estimate differ-
ences in INR, FII, PC and F1+2 values in patients on
stable oral anticoagulant treatment grouped
according to tertiles of either INR, PC or FII distri-
bution.
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Results
As expected because of the disturbances of coag-

ulation associated with cardiopulmonary bypass
surgery,7,8 the baseline levels of vitamin K-depen-
dent clotting factors and F1+2 differed significant-
ly in patients and healthy volunteers beginning oral
anticoagulant treatment. Thus FVII, FX, PC and FII
levels were lower and INR and F1+2 levels higher in
patients than in healthy volunteers (Table 1).

Figure 1 shows the changes observed in INR and
F1+2 in patients and in healthy volunteers after
the initiation of oral anticoagulant treatment. In
HVR patients a significant increase in INR was
already observed after 24 hours (p = 0.025), with
the highest values recorded by day 2 of treatment.
Initially elevated F1+2  levels (p <0.0001 versus
the control population) did not decrease signifi-
cantly until day 4 (88 h), with normalization of
plasma F1+2 (0.68±0.26 nM ) at 160 hours (Figure
1, left panel). In healthy volunteers, significant dai-
ly increments in INR were observed up to 96 hours
(p ≤ 0.02), but values greater than 2.0 were only
attained after 72 hours of treatment. Average INR
values greater than 2.0 were maintained for 24
hours after the interruption of anticoagulant treat-
ment, with a return to baseline values within 96
hours. F1+2 levels did not decreased significantly
until day 5 (120 h), with subnormal F1+2 levels
(0.27±0.09 nM, p <0.002 versus levels in the con-
trol population) first observed by 192 hours. F1+2
levels remained unchanged for 72 hours after the
interruption of anticoagulant treatment; they

increased at 96 hours (p = 0.004) and reached
baseline levels 7 days after the interruption of anti-
coagulant treatment (Figure 1, right panel).

Corresponding changes in vitamin K-dependent
clotting factors are shown in Figure 2. In HRV
patients, significant decreases in FVII, PC, FX and FII
levels (p ≤ 0.03) were observed by 24, 16, 24 and
40 hours of treatment respectively, with mean
nadir levels  of FVII (18±21%), PC (21±15%), FX
(26±15%) and FII (41%±20%) attained by 40
(FVII), 48 (PC), and 88 hours (FX and FII) (Figure 2,
left panel). In healthy volunteers significant reduc-
tions in FVII, PC, FX, and FII were observed by 24
(FVII, PC, FX, p ≤ 0.01) and 48 hours (FII, p =
0.0001), with mean nadir levels of FVII (23±14%),
PC (11±10%), FX (12±3%) and FII (32±5%)
attained by 72 (FVII), 120 (PC) and 192 hours (FX
and II). After interruption of the oral anticoagu-
lant treatment, FVII and PC levels increased with-
in 24 hours (p ≤ 0.01), returning to baseline levels
by 96 hours. FX and FII remained unchanged for 24
hours and then gradually increased until day 7 after
the interruption of anticoagulant treatment. FII
levels were still significantly lower than baseline
(80% ±7%, p = 0.001) 7 days after the interruption
of anticoagulant treatment (Figure 2, right panel).

Table 1 shows average baseline and individual
nadir levels and apparent half-disappearance times
(t/2) of the variables evaluated in HVR patients and
healthy volunteers.

The time interval required to attain an average
INR value of 2.0 was three-fold longer in healthy

Table 1. Kinetics of vitamin K-dependent clotting factors and F1+2 levels (means and 95% confidence limits) in patients sub-
mitted to heart valve replacement (HVR) surgery and in healthy volunteers following  the initiation of oral anticoagulant treat-
ment.

Baseline levels Individual nadir levels Apparent half-disappearance 
(ratio, % of normal, nmol/L) (ratio, % of normal, nmol/L) time (hours)

HVR Healthy p HVR Healthy p HVR Healthy p
patients volunteers patients volunteers patients volunteers

INR 1.43 0.96 0.0001 4.42 2.91 ns 23 * 85 * 0.01
(1.24-1.63) (0.93-0.98) (2.75-6.10) (2.62-3.20) (9-57) (59-124)

FVII:C 52 85 0.001 10 12 ns 17 35 0.01
(39-65) (77-93) (3-17) (8-16) (11-30) (27-46)

PC:C 81 97 0.05 17 10 ns 22 32 0.03
(72-90) (84-109) (9-25) (9-11) (18-29) (25-43)

FX:C 60 85 0.004 21 11 0.003 58 63 ns
(49-71) (75-95) (14-28) (9-13) (50-77) (58-77)

FII :C 68 97 0.0001 37 30 ns 99 115 ns
(56-80) (92-102) (25-50) (27-34) (77-173) (98-139) ns

F1+2 1.03 0.65 0.007 0.58 0.13 0.0001 132 107
(0.86-1.19) (0.47-0.83) (0.45-0.70) (0.08-0.17) (94-329) (80-322)

*time to attain INR values greater than 2.0.
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volunteers than in HVR patients (p = 0.01). FVII and
PC disappeared more rapidly in patients than in
healthy volunteers (p ≤ 0.03), while no significant
difference was observed for the disappearance rate
of FX, FII and F1+2 (Table 1).

Thus, both in patients and in healthy volunteers
a significant reduction in F1+2 levels was tempo-
rally associated with the attainment of nadir lev-
els of factor II (40% or lower), which followed the
observation of therapeutic INR values by 48-72
hours.

The relationship between the changes in F1+2
levels and in vitamin K-dependent factors was
explored in a generalized linear model including
F1+2 levels as the dependent variable and vitamin
K-dependent factors and time as predictors. Of the
vitamin K-dependent clotting factors, only FII (p =
0.0001) and PC (p= 0.0001) were independent pre-
dictors of F1+2 levels, both in HVR patients and
healthy volunteers. In HVR patients, FII (r partial =
0.377) and PC (r partial = -0.349) explained 31.3%
of the variation in F1+2 levels, with time (r partial
= -0.601) contributing an additional 11.8%. In
healthy volunteers, FII (r partial = 0.413) and PC (r
partial = -0.327) explained 25.9% of the variation
in F1+2 levels. Neither in patients nor in healthy
volunteers were the changes in INR predictive of
the variation in F1+2 levels.

The relationship between INR, FII, PC and F1+2
levels was also examined in patients on stable oral
anticoagulant treatment. To this purpose, F1+2 lev-
els were related to the tertiles of the INR, FII and
PC distributions. Tertiles included INR values low-
er than 2.40, between 2.40 and 3.69, and greater
than 3.75; FII levels lower than 22%, between 22%
and 30%, and greater than 30%; PC levels lower

than 14%, between 14% and 22%, and greater
than 22%. When compared according to the INR
distribution, PC levels were not significantly dif-
ferent in the lower and intermediate tertiles, while
they were lower in the higher tertile of the INR
distribution (p = 0.0001, Figure 3, upper panels). At
variance, there was a good overall agreement
between INR values and FII levels, which differed
significantly according to the tertiles of the INR
distribution (p = 0.0001). F1+2 levels were similar
in the lower and intermediate tertiles of the INR
distribution and in the corresponding tertiles of the
PC distribution, while they were lower in the pres-
ence of low PC and high INR values (p ≤ 0.042). At
variance, F1+2 levels were lower in the first tertile
(p = 0.001) and higher in the third tertile (p = 0.04)
than in the intermediate tertile of the FII distribu-
tion (Figure 3, lower panels). In a generalized lin-
ear model including gender, age, indication for
anticoagulant treatment, INR, PC and FII levels as
predictors, 24% of the variation in F1+2 levels was
explained by FII levels only (p = 0.0001).

Discussion
In this study, we first examined the relationship

between in vivo prothrombin activation, reflected
by F1+2 levels, and the decrease in vitamin K-
dependent factors in patients and in volunteers
beginning oral anticoagulant therapy without
heparin treatment. The rate of thrombin generation
is obviously dependent on the initial stimulus and
the efficiency of natural anticoagulant mecha-
nisms.9 Patients submitted to heart valve replace-
ment surgery had higher F1+2 levels than healthy
volunteers, despite their lower levels of vitamin K-
dependent clotting factors. A significant reduction

INR, FII:C, PC activity and F1+2 levels during oral anticoagulation

Figure 1. Changes (mean ± SE) in INR (dashed line) and
F1+2 levels (continuous line) in patients submitted to heart
valve replacement (left panel) and in healthy volunteers
(right panel) after the beginning of oral anticoagulant treat-
ment.

Figure 2. Changes (mean ± SE) in vitamin K-dependent fac-
tors VII (dashed line), X (dotted line), II (continuous line)
and PC (continuous line) in patients submitted to heart
valve replacement (left panel) and in healthy volunteers
(right panel) after the beginning of oral anticoagulant treat-
ment.
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in F1+2 levels was first observed 88 and 120 hours
after the initiation of anticoagulant treatment in
patients and in healthy volunteers, respectively. In
both groups of subjects, the decrease in F1+2 lev-
els was not associated with the achievement of
therapeutic INR values (>2.0), but it was related
with the changes in the plasma levels of FII, fol-
lowing the attainment of therapeutic INRs by 24-
48 hours. F1+2 from the circulation has been esti-
mated to be cleared from the circulation in about
90 min.10 In vitro experiments have clearly shown
that the rate of thrombin generation is linearly
related to the factor II concentration,4,9 consistent
with the Km for the prothrombinase complex.11.

This predicts that in vivo, the decrease in F1+2
levels would strictly follow the decrease in factor
II levels upon initiation of oral anticoagulant treat-
ment. In our series, we observed a statistically sig-
nificant association between FII and F1+2 levels,
confirming a causal relationship between circulat-
ing FII and in vivo prothrombin activation. In addi-

tion we also identified a negative relationship
between PC and F1+2 levels, confirming the rele-
vance of the protein C system in modulating in vivo
prothrombin activation during the early phase of
oral anticoagulant treatment. To our knowledge,
the changes in F1+2 levels during the early phase
of oral anticoagulant treatment have been
explored,  but less extensively, in three papers.12-14

In one paper, the initiation of oral anticoagulants
in two subjects who did not exhibit protein C defi-
ciency led to a paradoxical increase in F1+2 levels
during the first day of therapy.12 In 10 healthy vol-
unteers treated with a high- or a low-intensity
warfarin regimen for only 4 days, Kyrle et al.
observed a similar 20% to 30% decrease in F1+2
levels by 72 hours independent of the greater
reduction in both FII and protein C levels obtained
with the high-intensity regimen.13 A third study
evaluated INR, factor II and F1+2 levels in the ini-
tial phase of oral anticoagulant therapy in 39
patients following aortic or mitral valve replace-

A. D’Angelo et al.

Figure 3. Relationship between INR, factor II, PC and F1+2 levels in patients on stable oral anticoagulant treatment. Upper
panels: INR, PC and FII levels according to tertiles of the INR distribution. Lower panels: F1+2 values according to tertiles of
the INR, PC and FII distribution. p values refer to significance of the difference versus the preceding tertile.
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ment.14 The authors observed that despite the INR
being in the therapeutic range, FII and F1+2 levels
remained high, suggesting their superiority in the
monitoring of the early phase of oral anticoagula-
tion. Our data provide a biochemical basis for the
requirement of prolonging heparin therapy for at
least 2 days after reaching therapeutic INR values,
because of the possibility that high INR values may
reflect a decrease in FVII and PC, but not yet FII and
hence F1+2 levels. The relationship between INR
and F1+2 levels in patients on stable oral antico-
agulant treatment has been addressed in many
studies.15-27 With few exceptions,18 reduction or
near-normalization of F1+2 levels at a low inten-
sity of anticoagulation was reported in these stud-
ies; however, no further decrease in F1+2 levels
was observed in some studies for INR values
greater than 4.0.21,25,26

High INR values may not necessarily reflect a
profound depletion of factor II, and, to our knowl-
edge, no study has evaluated the relationship of
F1+2 levels with factor II levels in such patients. In
patients on stable oral anticoagulation with a wide
range of INR values, we found a better agreement
of F1+2 levels with factor II levels than with INR
or PC values.

Although the strength of the association might
be somehow impaired by additional parameters,28

these data suggest that FII levels may reflect the
true in vivo degree of anticoagulation better than
INR values not only during the early phase of oral
anticoagulant treatment, but also in patients on
stable anticoagulation. With the introduction of
portable prothrombin time monitors patients' self-
adjustment of the oral anticoagulant dose is
becoming popular in some European countries and
in the US.29

The process of INR calibration aims to obtain
comparable sensitivity of thromboplastin reagents
to factor II levels, but discrepant sensitivities of
thromboplastin reagents to the different vitamin K-
dependent factors explored by the prothrombin
time may be responsible for uncertainty in true INR
values.30 Taken together these data are a strong
indicator that monitoring FII levels in patients on
oral anticoagulant treatment may represent a good
alternative to INR monitoring, reflecting in vivo
antithrombotic potential more closely.
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What is already known on this topic
Although the international normalized ratio (INR) is cur-
rently used world-wide to monitor oral anticoagulant
treatment, the relationship between the decrease in vit-
amin K-dependent clotting factors and the resultant
degree of in vivo prothrombin activation is unclear.

What this study adds
In vivo prothrombin activation is a function of FII levels
rather than INR values.

Potential implications for clinical practice 
Monitoring the concentration of factor II in patients on
oral anticoagulant treatment may represent a good alter-
native to INR monitoring, reflecting in vivo antithrom-
botic potential more closely.
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